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1 OPENING OF TIIE MEETING
The meeting of the Working Group on Marine Sediments
in Relation to Pollution (WGMS) was opened at 10.00 hrs
on 4 March 1996 by the Chairman, Dr S. Rowlatt. Dr K.
Cooreman welcomed the participants on behalf of the
Rijksstation voor Zeevisserij in astend, Belgium.
local natural and anthropogenie sources to define
limitations in the use of sediment metal
distributions for reflecting trends in anthropogenie
input functions.
The draft agenda was accepted without amendment, and is
appended as Annex I. The list of participants is attached as
Annex 2. The documents attached to the report are Iisted in
Annex 3.
2 ADOPTION OF TIIE AGENDA
The terms of reference (C.Res.199512: 14:2) for the
meeting are listed below:
3 ARRANGEMENTS FOR THE
PREPARATION OF TIIE REPORT
The Working Group on Marine Sediments in Relation to
Pollution (Chairman: Dr S. Rowlatt, UK) will meet from
4-7 March 1996 in astend, Belgium, to:
Dr M. Kersten agreed to lead the discussions and to
prepare the report in collaboration with Dr S. Rowlatt.
A brief review of normalization methods for evaluating
metal contamination of coastal marine sediments in the
USA and Canada was presented by Dr D. Loring and is
attached as Annex 4.
Dr S. Rowlatt presented a paper which discussed the
trace metal content of sediments from estuaries around
England and Wales (Annex 5). The relationship between
trace metals and various normalizers (AI, Li, TOC, Md
(median particle diameter)) was described.
Mr F. Smedes presented his views on the normalization of
contaminants in sediments, based on the partition theory as
suggested by McKay and Patterson. This theory considers
that, at equilibrium, the ratio between the concentration
and the uptake capacity is equal in each phase. This also
There is a strong relationship between metals (Pb or Hg)
and normalizers (AI or Li) throughout most of the
Mersey estuary sampIes, indieating that all the sediments
are from a single population (Le., they are cogenetic).
The relationship Hg vs. TOC is no better than that of Hg
vs. AI. Sediments from the Manchester Ship Canal
contain unexpectedly high concentrations of Pb and Hg,
probably due to strong local contamination sourees.
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The data showed that a simple method of normalization
(metal plotted vs. normalizer) could be used to rank
estuary metal status by the slope ofthe regression and to
indieate cogenetic origin of the sediment fines. This
technique is partieularly helpful in comparison of
changes in the metal contamination status over a certain
period of time. It is important to assure that the
sediments are cogenetic (e.g., by measuring Pb isotope
patterns of all the Mersey sampIes, whieh should be the
same irrespective of the degree of contamination, cf.
Section 10). Care should be taken in interpreting the
results for elements whieh are known to be mobile under
changing redox conditions.
b) assist in the preparation of monitoring guidelines
for polycyclic aromatic hydrocarbons (with MCWG
and WGEAMS) with partieular attention to the
number of replicate sampIes required per sampling
area to characterise the sediment sampling area and
the normalisation techniques required (e.g., grain
size, total organic carbon) (OSPAR 1.1);
h) produce areport on variance factors in sediment
metal and organie data to meet the needs of
WGSAEM;
i) assess the relationship between the accumulation
and the depth distribution of metals in marine
sediments and the input of these same metals from
g) report on the opportunities for the use of tracers
(such as stable isotopes) in sediment studies, for
example, in relation to the OSPARCOM
monitoring objectives;
a) prepare areport on the results of tests of
normalisation techniques carried out
intersessionally;
c) review and report on an assessment of temporal
trend data at various sites in the ICES area (to be
carried out intersessionally by the ICES
Secretariat);
d) report on the post-depositional mobility and
degradation oforganie contaminants in sediments;
e) review and report on standard operating procedures
dealing with metal, PAH, OC pesticides and CB
analyses in sediments;
1) review and report on the cycling of nutrients
(especially nitrogen and phosphorus) in sediments
and their release to the water column; this should be
undertaken in the context of nutrient supply to
phytoplankton;
•
•
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applies to the different compartments within a sediment
sampIe, i.e., it is equal for the total sampIe, the fraction
<63 Jlm, the fraction <20 Jlm, but also for the larger
fractions remaining after sieving. In normalization of
sediments, the normalizing parameter is expected to
represent the uptake capacity. Sieving therefore should be
considered to be nothing else than providing a parallel
concentration of both contaminants IDlll normalizing
parameter(s). This approach also gives asolid criterion for
validation of a normalizing technique. Provided that a
sampIe is internally in equilibrium, such a technique must
give the same (not significantly different) result for
different physieal fractions of a single sampIe. This should
include all sieve fractions, also a fraction obtained by
sedimentation. Mr Smedes informed the Group about
work he performed together with R. Varleman of the
University of ßerlin. In this project, one single sampIe
from a loeation in the Ems-Dollard was physieally
separated into 14 different sampIes ranging from pure sand
to nearly pure lutum. The range in organic carbon content
was 0.1-4% and was closely related to the lutum content
except for one <63 Jlm fraction whieh was obtained by
ultrasonie treatment from the fraction >63 Jlm. Optimizing
the normalization using TOC and the lutum content, it was .
possible to meet the above-mentioned criterion for metals,
PCßs and PAlis. Taking into account the analytical error,
the slopes between the contaminant content and the
content of the normalizing parameter calculated for each
individual sampIe were not significantly different from
each other, even for the most sandy sampIes. Of course,
such a validation only applies for the area investigated, and
spatial comparisons cannot be made from such results.
To extend the validation for organie compounds to allow
comparison between different areas, another projeet was
initiated. lIere sediments were taken from the Western
Scheldt and the Wadden Sea and equilibrated with sea
water by stirring. Expressed on an organic carbon basis,
the contaminant concentrations in the sediments differed
by a faetor of four. The contaminant concentration in the
water phase was sampled using semi-permeable
membrame deviees (SPMD, lIuekins ct al., 1993). Since
the concentration in the solid phase determines the
concentration in the aqueous phase through the Koc
(partition coefficient related to organie carbon), the uptake
rate ofthe SPMDs is expected to vary in proportion to the
normalized concentration in the sediment. This appeared
to be the case for Cß153 for the two sediments studied,
implying that, at equilibrium, the impact on the aqueous
phase is rellected by the organic earbon normalized
concentration in the sediment.
Clearly, all these approaches neeed testing on sampIes
covering several areas before WGMS can make any firm
recommendations. Normalization of the contents of
organic contaminants is, however, a very important issue
and more intersessional work will be done for the next
meeting when this point will be taken up again.
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lIuckins, J. N. ct al., 1993. Lipid-eontaining semi-
permeable membrane deviees for monitoring
organic contaminants in water. Environ. Sci.
Techno!. 27: 2489-2496.
5 PREPARE GUIDELINES FOR PAHs AND
Cßs IN SEDIMENT
WGMS agreed at its 1995 meeting to review and report
on standard operating procedures (SOP) for Cßs,
organochlorine pesticides and PAlis. A subgroup on that
topic was formed to discuss SOPs provided by a number
ofmembers ofthe WGMS, and to draft a technieal annex
to the JMP sediment guidelines on the determination of
chlorobiphenyls in marine sediments. A summary of the
SOPs is to be found in Annex 6. The final draft of
guidelines on the determination of Cßs in marine
sediments (attached as Annex 7) had been extracted from a
review report prepared by Smedes and de ßoer on request
of ICES (lCES Techniques in Marine Environmental
Sciences No. 21). Although some steps of the anal)1ical
proeedures reported in the SOPs differ from eaeh other,
most of these steps are in accordance with the draft
guidelines. The Group discussed different technieal
aspects of the analysis and concluded that some
procedures currently applied may possibly lead to
erroneous results. This emphasizes the need for adequate
guidelines.
WGMS agreed to forward the amended draft teehnieal
annex on the determination of Cßs to ACME with the
recommendation to approve it for inclusion in the JMP
sediment guidelines.
The subgroup also took note of a doeument prepared by
the Federal Institute of lIydrology in Koblenz (Germany).
This paper discusses the analysis of PAlis in sediments
and is a contribution to the development of guidelines for
the latter. The Group feIt that a detailed discussion of PAli
analysis in relation to guidelines was not feasible in the
time frame of the meeting and requires further
intersessional work. The Group was also informed by two
members of the MCWG, present at the meeting, that
similar efforts are currently under way by that group. It
was therefore suggested to coordinate the efforts of both
groups. The coordinator for this subject in the MCWG (Mr
R. Law) will be contacted by Dr ß. Schubert for this
purpose to prevent duplicate work. The organies subgroup
of WGMS will take action intersessionally on those topies
that are not dealt with by the MCWG.
WGMS noted that this agenda item included, in addition to
diseussions on anal)1ical guidelines, the provision of
advice on monitoring guidelines, including sampling
strategies. The same subject had also been discussed at
MCWG, and it was agreed that WGMS should start work
together with MCWG to collate appropriate data. Some
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data on that subject are already available, and Dr I. Davies
will discuss the adequacy ofthese data with WGSAEM in
Stockholm in March 1996.
WGMS expected that this intersessional work will result in
a final draft ofPAII guidelines which can be evaluated by
both groups during next year's meetings.
6 REPORT ON TEMPORAL TREND DATA
Dr Rowlatt presented a paper giving details of temporal
trend studies off the Tyne and in Liverpool Bay. This
work had been carried out as part of the UK sewage-
sludge disposal site monitoring programme. Details are
given in Annex 8. The data from the Tyne were
produced by a stratified random sampling of sediments
in an area 5 km x 5 km. The data for most metals were
normally distributed and amenable to interpretation as a
control chart. This approach had been used to produce a
standard (average + 2s) which the sediment
concentrations should not exceed. Exceedance would
result in further studies being initiated to establish the
cause for the increase in sediment metal concentration.
This was not necessary in the period of five years
considered. In contrast, the Liverpool Bay data, taken
from a regular sampling grid around the area of sludge
settlement, were not normally distributed. These data had
therefore been interpreted as maximum, minimum and
median values, and they suggested little change in the
period 1979-1990.
Similar data sets have been prepared in Germany,
Belgium, and the Netherlands which will be provided by
WGMS members to the ICES Secretariat (Jan Rene
Larsen) before I September 1996, for an assessment of
temporal trend data at various sites in the ICES area. For
WGSAEM to do anything qualified, the data should be
accompanied by a statement of the purpose of the
sampling. The Group recalled also that the 1995 meeting
of the OSPAR Ad Hoc Working Group on Monitoring
(MON 1995) had discussed whether the normalization
problem could be addressed by looking at the overall
variation in temporal trends. The principle of this
approach is that one would apply a specific
normalization technique one-by-one to data from a time
series, and look for the 'best' (whatever that might be)
resulting time series.
Dr P. Jonsson presented some new results from the
Baltic Sediment Baseline Study 1993 on retrospective
assessment of temporal trends in contaminant
concentrations (Annex 9). Since the 1970s there has been
a substantial decrease of PCßs in biota, which has been
interpreted as a decreased load due to the ban on the use
of PCBs in the Baltic Sea area. The sediments, however,
show a contradictory trend with increasing
concentrations towards the sediment surface, indicating
an increased load of PCBs to the Baltic Sea during recent
decades. This is in agreement with the hypotheses of the
recently launched EUCON project (Interactions between
eutrophication and contaminants), that increased
eutrophication may alter the distribution of chlorinated
compounds in the ecosystem. Firstly, increased primary
production may lead to a dilution of the contaminants in
a larger biomass. Secondly, it may increase the
sedimentation and subsequently lead to the scavenging
of chlorinated compounds from the water mass to the
sediment.
Dr F. Smedes presented some data conceming
monitoring of PCBs in musseis and suspended matter at
two stations in the North Sea some 10 km ofT the Dutch
coast. The data plot shows a negative correlation
between CBI53 concentrations in suspended matter and
the carbon content ofthe suspended matter, possibly as a
result of dilution due to algal blooms. 1I0wever, the blue
mussei concentrations of CBI53 were correlated to
CBI53 in suspended matter expressed on organic carbon
content. These data indicate close relations between
primary production and the distribution of contaminants
in the ecosystem.
These, so far, preliminary results emphasize that
contaminant trends should not be interpreted without
considering changes in the eutrophication situation. The
results also stress the importance of trend monitoring of
contaminants not only in biota but also in sediments and
suspended matter.
The Group agreed on the need for temporal trend
monitoring of contaminants in Baltic Sea sediments.
Laminated sediments reported from several areas in the
Baltic Sea may offer particularly promising conditions
for future trend monitoring
Dr Jonsson presented some results from the Baltic Sea
conceming degradability of extractable organic chlorine
(EOCI) compounds (Annex 10). The results from an
EOel mass balance study suggest that a major part of the
total input of EDel since the 1940s is still stored in the
Baltic sediments, indicating a significant persistence for
EOCI. These results were supported by a two-year
The Group feit that there is no guarantee that this will
lead to a satisfactory result, but it could supplement the
more geochemical discussion about normalization in
sediments. This work should be progressed as a
collaborative activity by sedimentologists and
statisticians. The WGMS emphasized that new
geochemical data from field and laboratory
investigations specifically directed at the derivation of
effective and reliable normalization procedures are
needed. Existing data had not proved adequate to resolve
the recurrent problems ofnormalization procedures.
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ineubation study of pulp mill eontaminated sediments,
which indicated a degradation half-time for EOCI of
deeades rather than months or years. Also, treatment of
the EOCI extracts with eoneentrated sulphurie acid
showed that a substantial part (10-15 %) of EOCI is
resistant to oxidation.
Dr Kersten presented areport on PAli emux rates from
sediment eores sampled in the Chesapeake Bay and
ineubated in the laboratory (llelmstetter and AIden,
1994). The observed flux rate eoefficient k (= emux rate
over sediment eoneentration) eorrelates weil with the
solubility and Kow eoefficient of PAlis. 1t appears
possible to predict flux rates of other hydrophobie
organie ehemicals from ambient sediment and water
eoneentrations, Kow information, and the empirical
model proposed by the authors, indieating that emux is
negligible with respeet to the inventory in the sediment.
In the discussion, Dr Naes referred to his results on PAli
hot spot surveys. Numerical reanalysis of a large number
of surfaee and dO\meore sarnples from seven Norwegian
fjords affeeted by smelter-generated PAlis strongly
indicate that these compounds are not available to post-
depositional transformation reaetions.
The Group earne to the eonclusion that post-depositional
geoehemical mobility (in eontrast to physical mobility
sueh as hydro- and bioturbation) does not seem to have
any relevanee to PAlis nor probably to other
hydrophobie eontaminants monitored in sediments, but
may have eonsiderable effeet on eoneentrations in the
overlying water phase. 1t is also important to reeognize
that petrogenic PAlis may differ from pyrogenie PAlis
but the reviewed information relates only to the latter.
References
lIelmstetter, MF., and AIden lll, RW. 1994. Release rates
of PAlis from natural sediments and their
relationship to solubility and oetanol-water
partitioning. Areh. Environ. Contam. ToxicoI.,
26: 282-291.
Naes, K., cl al., 1995. Mobilization of PAli from polluted
seabed and uptake in the blue musseI. Mar.
Freshwater Res., 46: 275-285.
Naes, K., and Oug, C. 1996. PAli in sediments from
Norwegian smelter-affeeted fjord and eoastal
waters: 1. A multivariate approach to transport and
incorporation, and 11. A multivariate approach to
the postdepositional fate of PAlis. (Both papers
submitted to Environ. Sei. TechnoI).
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8 REPORT ON SOPS FOR METAL, PAli,
OC PESTICIDE, AND CR ANALYSES
Three SOP paekages on traee metals submitted
intersessionally to WGMS will be distributed arnong
interested members. The Group felt that there is no need to
diseuss the SOPs in great detail beeause the most suitable
techniques are already mentioned in the JMP sediment
guidelines and other available teehnical reports (e.g.,
Loring, 1992).
Organie contaminants were eonsidered in a subgroup
formed to discuss SOPs provided by a number ofmembers
ofWGMS. A summary ofthe SOPs is contained in Annex
6. Although some steps of the anal}1ical procedures
reported in the SOPs differ from eaeh other, most of these
steps are in aceordance with the best available teehniques
listed in arcport preparcd by Smedes and de Boer (ICES
Teehniques in Marine Environmental Sciences No. 21).
The Group diseussed different teehnical aspects of the
analysis and eoncluded that some proeedures eurrently
applied may possibly lead to erroneous results. This
emphasizes the need for adequate guidelines (cf. Seetion
5).
9 REVIEW AND REPORT ON CYCLING
OF NUTRIENTS
The WGMS was asked to eonsider the behaviour of
nutrients in marine sediments, taking particular note ofthe
issues raised in the North Sea Quality Status Report (QSR)
(Oslo and Paris Commissions, 1993). 1I0wever, it turned
out that not mueh information on this topie is eontained in
the QSR, and that most literature on nutrient eyeling is
devoted to laeustrine and estuarine environments. The
Group was informed by members from Denmark and
Sweden, however, that there are major surveys on "this
topie under way in both eountries. The results of these
studies will be made available for the next meeting, where
this topie will be discussed in more detail.
The WGMS reeommended that it diseuss biogeoehemical
proeesses in the uppermost seafloor in relation to organic
matter and nutrient eyeling at its next meeting. This
diseussion should rely on intersessional reports prepared
on this topie and on an expert invited to present the most
recent results ofscientifie research.
10 REPORT ON TIIE USE OF TRACERS IN
SEDIMENT STUDIES
The use of stable lead isotope patterns represents a
powerful alternative to eurrent normalization techniques to
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distinguish between natural and anthropogenie Pb in
marine sediments. Because three of the four stable Pb
isotopes are produced by the radioactive decay of their
uranium and thorium parent nuclides, stable Pb isotope
ratios (e.g., 206Pbfo7Pb) depend on the age and primeval
characteristies ofthe geologieal system from whieh the Pb
derives, Le., the source ofthe lead. As a result, the isotopic
signature of anthropogenic Pb in marine sediments is
usually different from that of background Pb. Dr M.
Kersten presented examples showing that ICP/MS is a
useful anal)1ieal technique to discriminate between the
different Pb sources not only in sediments but also in other
compartments of the marine ecosystem on the basis of
isotope pattem analysis (Krause ef al., 1993). It is
partieularly suitable not only to assess the pathway to and
proportion of gasoline-derived Pb in sediments, but also
the uptake route ofPb to benthic organisms (Kersten ef al.,
1992).
Considering that many laboratories will most Iikely have
access to an ICP/MS instrument in the near future, the
Group recognized that Pb isotope ratios will soon be of
great utility in both spatial and temporal monitoring
programmes (including retrospective assessments using
sediment cores) for contaminants in sediments. It was
emphasized, however, that this technique works for Pb but
not for other trace metals.
References
Kersten, M. ef al., 1992. Pollution source reconnaissance
using stable lead isotope ratios. pp. 311-325. In
Impact of lIeavy Metals on the Environment. Ed.
by J.-P. Vemet. Elsevier, Amsterdam.
Krause, P. ef al., 1993. Determination of isotope ratios by
ICP-MS in partieulate matter from the North Sea
environment. Fresenius J. Anal. Chem., 347: 324-
329.
11 REPORT ON VARIANCE FACTORS IN
SEDIMENT METAL AND ORGANIC
DATA
Dr Smedes reported on the sampling variability for
organic contaminants in coastal sediments off the
Netherlands. The outline of and data from his report are
included in Annex 11. He concluded that sampling
variability due to physieal inhomogeneity in the
sampling area can be reduced by normalization (e.g.,
grain size fractionation).
Dr Davies also presented some data on variability from
QUASI~1EME (Annex 12).
12 REPORT ON TIIE RELATIONSIIIP
ßETWEEN INPUTS AND l\IETAL
DISTRIBUTIONS IN SEDIMENTS
Dr P. Jonsson presented a paper conceming large-scale
metal distributions in the Baltic Sea during a meeting of
a metal subgroup formed to discuss that topie. The data
have been used in two mass balance studies (Borg and
Jonsson, 1996).
For the Gulf of Bothnia and the Aland Sea, the annual
loads of trace elements have been estimated for the
1980s. Sediment data, valid for the same period, indieate
that only about half the loads of cadmium, copper, zinc
and mercury are sequestered in the sediments ofthe Gulf
of Bothnia: The rest is most likely exported to the BaItic
Proper. These conclusions are supported by high
sediment concentrations, especially of cadmium, in the
northem part ofthe Baltic Proper.
Regarding the entire BaItic Sea, the total annual
cadmium input during the 1980s has been estimated to
average 140 tonnes/year. The estimation of the annual
sequestering ofCd in BaItic Sea sediment (113 tonnes) is
in good agreement with the estimates from
measurements of Cd in water, leading to an estimated
retention time in the water mass of about five years. The
major part of the cadmium input is sequestered in the
laminated sediments of the Baltie Proper, especially in
the northem half. where the mean sediment cadmium
concentrations are more than five times the
concentrations in the southem half.
Recent cadmium profiles from the BaItic Sea Sediment
Baseline Study indieate substantially decreasing
sediment concentrations during the last 5-10 years. In
time, this seems to correspond to significant increases in
pelagic biota in the Baltie Sea.
The Group discussed the extent to which the Cd export
to the Baltie Proper might be controlled by post-
depositional mobilization due to early diagenetie
processes. The strong enrichment of Cd in the uppermost
sediment layers of the Gotland Deep can be interpreted
as an excess deposition of metal sulphides from the
anoxie (sulphidie) overlying water to the anoxie
sediments. This points to a large-scale metal
redistribution by a process of post-depositional
mobilization from oxygenated sediments of the Gulf of
Bothnia and the Aland Sea and a precipitation of Cd
imported from those areas in the sulphidie Gotland Deep
waters. The assumption of a widespread post-
depositional redistribution of trace metals in BaItie Sea
sediments needs further investigations, in partieular
conceming the time scales on which such post-
depositional redistribution may occur.
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The metal subgroup accepted that the process of trace
metal redistribution along redox gradients has to be
considered for sediment monitoring in the entire Baltic
Sea and emphasized that similar work should be
undertaken in regions ofthe OSPAR area. Intersessional
work wiII be coordinated by Dr Kersten in order to
survey the available data.
Dr C. Janssen from Ghent University was invited to give
a talk on the use of toxicity identification procedures for
the characterization of dredged sediment. The toxicity of
sediment pore waters from four sites in the Upper
Scheldt was characterized using modified Toxicity
Identification Evaluation (TIE) procedures. The sampIes
from all locations exhibited acute toxicity to the
freshwater crustacean Thamnocephalus platyurus. The
TIE approach was conducted using an enlarged battery
of contaminant speciation fractionation tests. Toxicity
was removed or at least significantly reduced by
purification of the pore water by cation exchange resins
or by air-stripping at pli I I. Increased toxicity was
observed at higher pli values, while a reduced toxicity
was found after decreasing the pli. From this TIE
pattern, ammonia was identified as the dominant toxic
agent which was found at 150 mgll levels in the pore
water.
Rcfcrcnce
Borg, 11., and Jonsson, P. 1996. Large-scale metal
distribution in Baltic Sea sediments. Mar. Pollut.
Bull., 32: 8-21.
13 ANY OTIIER BUSINESS
13.1 Re-drafting ofscdimcnt guidclincs
The WGMS has initiated discussion on new sediment
guideline annexes for organic contaminants (PAlis and
CBs) which may necessitate arevision of part of the
main text ofthe guidelines. Due to some uncertainty over
whether the sediment guidelines were on the agenda or
not, the organie subgroup was not equally prepared to
discuss this in detail.
Since the existing guidelines do not contain substantial
information on organie contaminants, the Group
considered that the present state of knowledge allows an
expansion with respect to this group of contaminants.
Within the time frame ofthis meeting it was not feasible to
achieve this. 1I0wever, it was recognized that, for
example, the foIlowing items should be dealt with:
terms such as 'degree of contamination' and 'sediment
quality' should be specified for organie contaminants;
whether the sampling strategy differs from that for
heavy metals should be considered;
6
normalization of the organic contaminants should be
reviewcd;
- possible degradation or transport of organie
compounds should be taken into account for
retrospective trend assesment;
advice on treatment of sediments should be updated
with respect to organie compounds.
Guidance on anal)1ical methods has been prepared for
CBs (see Annex 7) and is in progress for PAlIs.
In the discussion, it turned out that reaching agreement
on normalization is vital in relation to some of the items
outlined above. In preparation for the next meeting, ß.
Schubert and F. Smedes agreed to work intersessionally
to investigate the possibility of developing a
normalization approach which does not require major
changes in the methods currently applied.
13.2 Futurc of thc JMSBEC
In response to the decision made in the previous week by
the JMSBEC, the future possible role of the JMSBEC
was discussed jointly by WGMS and WGBEC. It was
agreed that the JMSBEC had largely achieved its initial
aim to develop conceptual frameworks for the
integration of chemical measurements in sediments and
biological effects measurements. The more specific
recommendations of the JMSBEC for ways in which to
integrate chemistry and biology (at various levels of
organization) have been weIl received by ACME, and
the principles have been adopted by OSPAR for
application within its new Joint Assessment and
Monitoring Programme (JAMP).
It was generally agreed that the JMSBEC was trying to
address fundamental questions relating to the
significance of contaminants in sediments, and the
bioavailability of these contaminants. These were the
underlyingjustification for including sediment chemistry
in quality assessment programmes. The need to be able
to assess whether a particular concentration of a
contaminant presented a hazard to organisms is as vital
as ever. 1I0wever, the meeting agreed that there had been
few new developments in this area since the 1995
JMSBEC, and this had been reflected in the 1996
JMSBEC report.
The meeting discussed new areas in which the JMSBEC
might be able to foster new cooperation between
biological efTects workers and sedimentologists. Several
suggestions were made, including greater emphasis on
the processes within sediments leading to solubilization
and release of contaminants from sediments. The
biogeochemistry of contaminants in sediments Iinked
sediment geochemistry with the role of bacteria in
sediments. Mobilization was also connected to physical
and biological mixing processes such as the role of
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bioturbation, etc. It was feit that the links between solid
phase sediment chemistry and water phase (overlying
and pore water) required strengthening. It was suggested
that the exchange of nutrients between sediment and
water might warrant the invitation of a nutrient
geochemist to a JMSOEC meeting, and that the inclusion
of an organic physical chemist with environmental
interests might also give rise to the recognition of new
perspectives and activities.
There is continuing pressure to develop Sediment
Quality Criteria-a process that inevitably requires the
combination of chemieal and biological data. There has
been considerable interest in this area in North America,
and regulatory authorities in Europe periodieally indicate
that reliable criteria would be useful to them.
It was concluded from the joint session that the two
Working Groups should consider the development of
new directions for investigating the links between
sediment chemistry and biologieal processes
intersessionally, and would include items in this area in
their proposed terms of reference for 1997. In
recognition that the process leading to well-considered
new proposals for activities by the JMSOEC would need
some time to yield substantive output, it was agreed to
recommend that the JMSOEC should not meet in 1997,
but that opportunity for joint sessions of WGMS and
WGOEC should be created within the framework of the
1997 meetings by requesting that the n.vo Working
Groups meet at ICES Headquarters during the same
week, with a view to planning a Jt-.1S0EC meeting in
1998.
13.3 Paper Presented by Local
Sedimentologists
Dr P. Roose presented a paper by Vyncke and HiIIewaert
on 'Colour measurements on marine sediments off the
Oelgian coast as a means for estimating grain size'.
13.4 Chairmanship ofWGI\1S
Although Dr S. Rowlatt had resigned from the
Chairmanship at the 1995 WGMS meeting, for
administrative reasons he had been asked to chair the 1996
meeting.
Dr Rowlatt confirmed his resignation, and the Group
unanimously confirmed their nomination of Dr M. Kersten
to be the new chairman ofWGMS.
14 RECOI\1I\1ENDATIONS AND ACTION
LIST
In terms of the next meeting of the Working Group, the
WGMS recommended that it meet for four days in
March 1997 in Copenhagen, Denmark, concurrently with
the WGOEC meeting. Nine tasks were proposed for the
1996 WGMS Report
terms of reference. The full list of recommendations is
contained in Annex 13.
The WGMS agreed to recommend that ACME adopt the
Annex on CO analysis in sediments as a new Technical
Annex to the ICES sediment guidelines.
The WGMS agreed furthermore to recommend that
ICES ask the Danish Delegate to invite to the next
meeting ofthe Working Group an expert to report on the
most recent results of research in nutrient cycling
ben.veen sediments and water, e.g., Dr Lomstein from
Aarhus University.
The following intersessional activities were agreed to be
undertaken:
I. Drs Rowlatt, Roose, Jonssen and Kersten to send Jan
Rene Larsen (lCES Secretariat) data and assessment
of data on time series monitoring of contaminants in
sediments by 1 September 1996. Jan Rene Larsen to
compile and summarize this information.
2. All members to assist Dr Kersten in the production of
areport on biogeochemieal processes in sediments in
relation to trace metal speciation and mobility.
3. All members to assist Dr Smedes in the production of
a review on methods to investigate particle-water
interaction of organic contaminants in the marine
environment.
4. Dr Jonsson to prepare areport on the results of
Swedish surveys on nutrient cycling between
sediment and water in the Oaltic Sea, in partieular
with respect to the denitrification potential and
secondary pollution potential for phosphate.
5. Dr Davies to report on the fate of fish farm medicines
in sediments.
6. Dr Naes to report new data on toxieological effects of
PAlis in sediments, in partieular with regard to
changes in benthic community structure.
7. Dr Schubert to contact Mr Law from MCWG to
coordinate the intersessional work on the PAH
guideIines.
8. Dr Smedes to report data whieh may help in
establishing appropriate normaIizers for organic
contaminants.
9. Dr Davies to discuss the adequacy of available data
for evaluating the sampling strategy for organic
contaminant monitoring in sediments in collaboration
with WGSAEM.
7
15 ADOPTION OF THE REPORT MCWG ICES Marine Chemistry Working Group
The meeting considered and approved the report of the
WGMS.
WGEAMS ICES Working Group on Environmental
Assessment and Monitoring Strategies
16 CLOSING OF THE MEETING
WGSAEM ICES Working Group on Statistical Aspects
of Environmental Monitoring
The meeting was c10sed by the Chairman at 15.00 hrs on
7 March 1996.
ACRONYMS (not defined in report)
JMP Joint Monitoring Programme of the Oslo
and Paris Commissions
8
WGBEC ICES Working Group on Biological Effects
of Contaminants
JMSBEC Joint Meeting of the Working Group on
Marine Sediments in Relation to Pollution
and the Working Group on Biological
Effects ofContaminants
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ANNEX I
AGENDA
Working Group on Marine Sediments in Relation to Pollution
Ostend, Selgium
4-7 March 1996
1) Opening ofthe meeting
2) Adoption ofthe agenda
3) Arrangements for the preparation ofthe report
4) Report on the latest normalization techniques
5) Prepare guidelines for PAHs in sediments
6) Report on temporal trend data
• 7) Report on post-depositional mobility oforganic contaminants
8) Report on SOPs for metal, PAH, OC pesticide, and CS analyses
9) Review and report on cycling ofnutrients (particularly nitrogen and phosphorus)
10) Report on the use oftracers (such as stable isotopes) in sediment studies
11) Report on variance factors in sediment metal and organie data to meet the needs ofWGSAEM
12) Report on the relationship between inputs and metal distributions in sediments
13) Assess proposals for the re-drafting of sediment guidelines
14) Any other business
15) Recommendations and action list
16) Closing ofthe meeting
•
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ANNEX 2
LIST OF PARTICIPANTS
Name Address Telephone FAX E-mail
lan Davies SOAEFD Marine Laboratory +44 1224876544 +44 1224 295511 daviesimrgmarlab.ac.uk
P.O. llox 101
VictoriaRd
Aberdeen All9 8Dll
United Kingdom
Magnus Danielsen Marine Research Institute +354 552 0240 +3545623790 mdanghafro.is
P.O. llox 1390
121 Reykjavik
Iceland
Jan Ebbing Ueological Survey +3 1-23-530030 +31-23-5352184 j.h.j.ebbing'grgd.nl
ofThe Netherlands
P.O. llOX 157
NL-2000AD llaarlem
The Netherlands
Per Jonsson Swedish Environmental Protection +46-86981430 +46-18182737 per.jonssonggeo.uu.se
Agency or-18187981
S-10648 Stockholm
Sweden
Michael Kersten Ualtic Sea Research Institute +49-3815197380 +49-381519352 kersten'ggeomail.
Seestr. 15 io-wamemuende.de
D-18119 Rostock
Germany
Birger Larsen Geological Survey of Denmark +45-31106600 +45-31 196868 bilE;geus.dk
Thoravej 8
DK-2400 Copenhagen
Denmark
DougLoring Marine Chemistry Div. +1-9024263565 +1-9024266695 dloring'gemerald.bio.dfo.
Uedford Institute ofOceanography ca
llox 1006, Dartrnouth, NS
Canada ll2Y 4N2
KristolTer Naes Norwegian Institute for Water +37295067 +37044513 kristolrer.naes~ivano
Research
Southem llranch
Televeien I
N-4890 Grimstad
Norway
Teresa Nunes Instituto Espanol de Oceanografia +34 86492111 +34 86492351 insovigoß;cesga.es
Centro Occanogräfico de Vigo
Apdo 1552
E-36280 Vigo
Spain
Patrick Roose Fishcrics Research Station +32-59320805 +32-59330629
Ankcrstraat I
0-8400 Ostend
OcIgium
Steve Ro\\ lau MAFF Fisheries Laboratory +441621787200 +441621784989 s.m.rowlaUß;dlr.maIT.gov.
(Chairman) oumham-on-Crouch uk
Essex CMO 81 IA
United Kingdom
Birgit Schubert Fcderallnstitute of I Iydrology +492611306312 +492611306302
P.O. llox 309
D·56072 Koblenz
Germany
Foppe Smedes National Institute ofCoastaI +3 I-50533 1306 +31-505340772 smedcs@rikz.rws.minvenw.
and Marine Management (RIKZ) nl
P.O.Oox207
9750 AE Haren
Thc Nctherlands
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WGMS 1996/4
WGMS 1996/5
WGMS 1996/6
WGMS 1996/7
WGMS 1996/8
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Krause, P., Kriews, M., Dannecker, W., Garbe-Schönberg, C.D., and Kersten, M. 1993.
Determination of 2061207Pb isotope ratios by ICP-MS in particulate matter from the North Sea
environment. Fresenius J. Anal. Chem., 347: 324-329.
Jonsson, P. and Granmo A. Degradability ofextractable organic chlorine (EOCI).
Jonsson, P. Some data on offshore temporal trends in the Baltic Sea.
Rowlatt, S., Limpenny, D., Hull, S., Jones, B., Whalley, C., Salmons, M., Jones, L., Lovell, D.
and Deacon. C. Extract from an assessment ofmetals in estuarine sediment.
Rowlatt. S. An extract from the final report ofthe Metals Task Team ofthe Group Coordinating
Sea Disposal Monitoring (GCSDM).
Guideline for the determination of polycyclic aromatic hydrocarbons (PAH) in sediments-
analytical method.
Helmstetter, M.F. and AIden, R.W. 1994. Release rates of polynuclear aromatic hydrocarbons
from natural sediments and their relationship to solubility and octanol-water partitioning. Arch.
Environ. Contam. Toxicol., 26: 282-291.
Kersten, M., Förstner, U., Krause, P.• Kriews, M., Dannecker, W., Garbe-Schönberg, C.D., Hock,
M., Terzenbach, U. and Grassi, H. Pollution source reconnaissance using stable lead isotope ratios
e06l207pb).
Jonsson, P. and Borg, H. 1996. Large-scale metal distribution in Baltic Sea sediments. Marine
Pollution Bulletin, 32: 8-21.
Vyncke, W. and Hillewaert, G. Colour measurements on marine sediments offthe Belgian coast
as a means for estimating grain size.
Guidelines for the use of sediments in marine monitoring in the context of Oslo and Paris
Commissions programmes.
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ANNEX 4
NORMALIZATION MODELS FOR EVALUATING METAL CONTAMINATION
OF COASTAL MARINE SEDIMENTS
Problem
Coastal sediments receive metal contamination from land-based activities along with natural metal inputs
due to natural watershed weathering and erosion processes. Metal levels in coastal sediments, arising from
natural processes, are not generally amenable to management, nor should they be, because metals occurring
naturally in sediment are of Iittle concern vis-a-vis biological etTects (Le., they are predominantly bound in
minerallattices and thus not readily available to organisms).
Anthropogenie metal levels in coastal sediments are more likely to exert biological effects. Therefore, it is
important to establish strategies to manage these metal inputs. Typically, these strategies are based on
programmes that monitor the spatial and temporal variability of metal concentrations in sediments. The
problem, however, is that natural and contaminant metallevels are often confused. This confusion may lead
to the adoption of management strategies based on natural metal variations and this ean result in misplaced
perceptions ofproblems (i.e., that metal concentration gradients imply the presence ofanthropogenie sources
where none exist).
Objective
To discriminate between anthropogenie and natural contributions to metals in sediments. Such a model is
needed to allow sueh discrimination to be achieved on the basis of data that are readily obtainable by
eontemporary techniques for sediment contaminant monitoring.
Model and Data Requirements
Natural metals are contained in a relatively few naturally occurring aluminosilicate-type minerals, such as
phyllosilicates (Le., day minerals). Because of their relatively fragile, soft nature they tend to be more
concentrated in the fine grain-size fraction of sediments. Thus, variations in the grain-size distribution of
sediments exert a major control over natural metal concentrations in sediments. These variations can be
compensated for by normalizing metal concentrations in sediments to mean grain size or by selecting a
specifie grain-size fraction to account for natural variations, so that superimposed, anthropogenie
augmentations can be distinguished. It is far more practical, however, to use geochemical normalizers, such
as aluminium, to account for the natural metal-bearing phases. Such methods have been described by
Windom et al. (1989) and Loring (1990) using Al and Li, respectively, as geochemieal normalizers for
different sedimentary environments in which natural metal concentrations are found to be linearly correlated
to the normalizer concentration.
To establish a model for evaluating metal contamination, a population of sediment sampIes, reasoned to be
essentially contaminant free, are collected for a region and analysed for the metals of interest and the
selected geochemical normalizer. Statistical analysis, using the approach of Schropp et al. (1990), is then
applied to the data resulting in the development of a model that predicts expected naturally derived metal
concentrations, within a 95% confidence limit, in natural sediments in relation to the concentration of the
geochemical normalizer. The difference between the observed and the predicted concentrations of a metal of
interest provides a direct measure ofthe degree of contamination.
Application
Ten to fifteen years ago, the observed variations in metal concentrations of sediments from the northcm and
southern Florida coasts were assumed to be due to contamination when. in fact, they were natural. Using the
normalization model, areas of naturally low metal concentration could be identified as contaminated even
•
•
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•though they contained considerably lower sedimentary metal levels than some other uncontaminated areas
(Windom et al.. 1989). Before the model was applied, management strategies were focused on areas
containing higher, but entirely natural sediment metal concentrations.
References
Loring, D.H., 1990. Lithium - a new approach for the granulometric normalization of trace metal data.
Marine Chemistry, 29: 155-168.
Schropp, SJ., F.G. Lewis, H.L. Windom, 1.D. Ryan, F.D. Calder and L.C. Burney, 1990. Interpretation of
metal concentrations in estuarine sediments of Florida using aluminum as a reference element. Estuaries, 13
(3): 227-235.
Windom, H.L., SJ. Schropp, F.D. Calder, J.D. Ryan, R.G. Smith, Jr., L.C. Burney, F.G. Lewis and C.H.
Rawlinson, 1989. Natural trace metal concentrations in estuarine and coastal marine sediments of the
southeastern United States. Environmental Science and Technology, 23: 314-320.
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ANNEX 5
GEOCIIEMISTRY OF SOME ESTUARINE SEDIMENTS
The data from this project are discussed in the following sections. However, in order to iIlustrate the general principles
employed, Mersey estuary sediments are discussed first as they provide a good example of the effective use of
normalization.
Thc application of normalization to sediments from thc l\1ersey
The mean metal contents ofthe sediments from the estuary are shown in Table A5.1. The metal concentrations decrease
in the order, docks> lock entrances > sea channels > Eastham Channe!. This correlates with the sediment types in these
areas whieh range from mud in the docks to sand in Eastham Channe!.
In the relatively quiescent environment ofthe docks, particulates settle from the water column and have to be dredged
periodieally in order to maintain access to berths. In other, more hydrodynamieally active areas of the Mersey system
(e.g., the sea channels and Eastham Channe\) both lateral bedload transport and sedimentation are important factors in
the siltation of navigational channels. These differences in hydrodynamic regime are reflected in the sediments
deposited in the various areas: mud in the docks; sandy mud in the lock entrances; muddy sand in the approach
channels to the Mersey; and sand in the Eastham Channe!. Overall, the sands contain concentrations of trace metals •
lower than those ofthe muds because quartz partieIes generally contain only very low concentrations oftrace metals.
Quartz in mud/sand mixtures acts as a diluent, lowering sediment metal burdens. In order to eliminate this diluent-
induced variability, it is possible to examine the relationship between the metal and a conservative element associated
with the contaminant-bearing fraction ofthe sediment. In this case, conservative refers to a non-contaminant element of
only limited reactivity in the environment ofinterest-and aluminium is the element ofchoiee.
The dock dredgings are contaminated with, amongst other metals, mercury derived from industry in the Mersey
catchment area and they contain a range of mercury concentrations from 0.4 to 3 mg/kg. Sediments from the Mersey
Estuary have mercury contents ranging from 0.02 to 2.5 mg/kg. However, direct comparison of the dock dredgings
with the estuarine sediments is made dimcult by the fact that the latter sediments contain a large amount of quartz
relative to those in the docks.
•
The position can be clarified by use of the conservative element normalization technique, as folIows. Figure AS.l
shows a strong correlation between the mercury and aluminium contents ofthe sediments from the Mersey Estuary and
its associated docks. As aluminium is primarily located in the structure of the clay minerals, it is effectively a marker
for them. These data, therefore, indieate that mercury is strongly associated with the clay minerals. either directly or by
adsorption onto organic coatings.
Some mercury will be present in the lattiee structure of the clay minerals. 1I0wever, as the mercury content of average
shale is 0.4 mg/kg (Krauskopf, 1967) compared with about 4 mg/kg in the muddiest sampIes from Liverpool docks, it is
unlikely that mercury in clay minerallattices contributes significantly to the total mercury burden ofthe sediments.
The relationship shown in Figure A5.2 indieates that the sediments all contain the same level of contamination in the
metal-bearing clay fraction and that the sediments are mixtures oftwo particle populations, a mercury- and aluminium-
bearing population (the clays) and a low-mercury population (the sands). Similar relationships were observed by
Rowlatt (1988) using iron as a normalizer.
These sediments, taken throughout the Mersey Estuary and the dock areas of Liverpool, are part of a continuum from
sand to mud. Thus, the normalization technique has identified the fine sediments throughout the sampIe domain as
constituting one population.
Any exceptionally contaminated material (Le., not from the same fines population) would have shown up as outliers to
the main trend line. This effect is illustrated in Figure A5.2 where sampIes from the Manchester Ship Canal (MSC) can
be seen to deviate markedly from the mercury/aluminium relationship.
•
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•In conclusion, the concentration of contaminants in sediments collected from the MerseylLiverpool docks system
depends largely on the fines content of the sediments and normalization against aluminium suggests that there is only
one population of fines in the area.
The use of sediment metal data to assess the quaJity of the Mersey estuary
Table A5.1 shows the concentrations of metals in sediments in the Mersey Estuary and shows, for example, that
cadmium concentrations range between 11 and 2000 ~glkg and mercury concentrations range between 8.8 and 4000
~glkg. Any c1assification system that uses raw concentrations will therefore be subject to enormous variability
depending on where the sampIes are col1ected: in a high metal area (muddy) or in a Jow metal (sandy) area.
The previous discussion of the Mersey data showed that al1 the sediment sampies taken in the Mersey estuary area are
part of the same general population, with the exception of those from the Manchester Ship Canal (MSC). Thus, a
parameter which describes the whole population filtered to remove outliers will be insensitive to variations in sampling
location and can be used to describe sediments in the whole estuary. A measure which should be considered as a
candidate for this role might be the slope ofthe relationship between metal and normalizer.
The previous discussion used aluminium as a normalizer, however, the present dataset also includes lithium, organic
carbon and particle size as potential normalizers. Figures A5.3 to A5.6 show these normalizers plotted for lead against
aluminium.
Lithium appears to be as effective as aluminium (Figures A5.3 and A5.4), but the others are less so. The particle size
normalizer (median diameter in the <500 ~m size fraction) shows a degree of correlation in the finer sediments which is
less marked the coarser the sediment. Organic carbon may be more suited to particular elements, and in this respect.
mercury is oßen cited as an organic-associated element. Figure A5.7 shows mercury plotted against organic carbon and
indicates a reasonably strong relationship, although not markedly stronger than against aluminium (Figure A5.1).
Of course, the above argument applies to the Mersey Estuary and may or may not be applicable elsewhere. In
particular, this estuary may be ideal for normalization because the Mersey Estuary is very weil mixed, due largely to its
macrotidal nature.
Table AS.• General statistics of sampIes collected from the Mersey estuary.
Variable N Mean Std. Dev. Minimum Maximum
AI(%) 45 3.35 1.83 0.93 6.36
Cd (~glkg) 45 639.46 528.38 11 2555
e Cr (mg/kg) 45 70.68 47.08 <11 152Cu (mglkg) 45 37.68 33.23 1.36 107.2
Fe(%) 45 2.04 1.11 0.51 3.86
Hg (~glkg) 44 1823.39 3655.67 8.8 19609
Li (mg/kg) 45 32.03 20.75 0.9486 70.21
Ni (mg/kg) 45 22.17 15.32 <3 48.3
Pb (mg/kg) 45 104.35 147.98 2.176 812.3
Zn (mg/kg) 45 211.34 152.54 2.659 651.1
As (mg/kg) 45 16.02 8.41 <0.2 38.54
V (mglkg) 45 49.97 32.31 1.61 107
OC(%) 45 1.19 0.98 0.03 3.78
MED(~m) 22 139.29 106.25 16.34 360.6
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Application ofcandidate measure ofsediment quality to various estuaries
It was suggested in the previous section that the slope of the regression between metal and normalizer in sediments
might be an indicator of the general sediment metal status of the Mersey. This section considers whether this method
would have wide application.
Figure A.5.8 shows the relationship between lead and aluminium in various estuaries. Regression Iines are drawn
through the datasets for most estuaries especially those where a strong relationship is apparent, and Table A5.2 Iists the
relationships and R-square values for the relationships ranked by the size of slope.
The relationships shown here have been calculated with the relatively small numbers of sampIes produced in this
project and may change when more comprehensive datasets become available. In particular, it should be noted that the
regression can only be taken to represent the areas sampled. Further sampling should be carried out to test the method
more widely. The datasets used in Figure A5.9 have been filtered to remove particularly high values which may
represent contamination (e.g., those from the Manchester Ship Canal). Despite these !imitations, this work demonstrates
the potential general app!icability ofthe method.
The R-squares shown in Table A5.2 are generally high, indicating good correlation between lead and the norma!izer.
The values are ranked by size of slope, the higher values indicating the estuaries or parts of estuaries with higher
sediment metal status. It must be borne in mind that a high sediment metal status only indicates relatively high metal
concentrations, not whether the metal is of natural or anthropogenie origin. In order to assess the origin of the metal,
sampIes from cores or from known uncontaminated areas would need to be collected, preferably with dating of the •
cores, to assess background concentrations. The present data are amenable to further analysis to c1arify this
methodology, although the tight time restrictions on this projeet have prevented this.
Figure A5.9 shows the relationships between mercury and aluminium and suggests that the proposed method is valid
for mercury as weil as lead.
Table A5.2 Relationships between lead and aluminium in various estuaries.
Estuary
Medway
Tarnar
Mersey
Derwent
Wye
Wye
Severn
Solway Firth
Bristol Avon
Usk
Avon
Dart
Cleddau
lIumber
Taw
Adur
Conwy
16
Regression relationship
y=34.94-89.40
y=33.79x-52.94
y=27.96x-17.92
y=18.35x-22.07
y=16.48x-18.19
y=16.48-18.19
y=15.39x-7.84
y=15.03x-20.59
y=14.95-1.94
y=14.75x-5.19
y=13.72x+6.90
y=12.092x-8.52
y=11.03x-4.83
y=7.52+l1.66
y=6.75x+5.55
y=3.97x+7.02
y=3.92x+8.10
R-square
0.88
0.64
0.72
1.0
0.63
0.63
0.74
0.63
0.70
0.39
0.22
0.89
0.73
0.53
0.87
0.54
0.33
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Figure A5.l The relationship between mercury and aluminium in sediments from the Mersey estuary.
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Figure A5.2 The relationship between mercury and aluminium in sediments from the Mersey estuary and Manchester
Ship Canal (MSe).
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Figure A5.3 The relationship between lead and aluminium in sediments from the Mersey estuary.
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Figure A5.4 The relationship between lead and lithium in sediments from the Mersey estuary.
•
o
co
o
r--
•
• •
•
0
• • c.o
•
• •
•
0
li'l
• •
• -Cl)
.:.::
Cl
E
0
-'<T E
• =
.r::;
• -:J
•
• 0
•
("')
•• ••
•
•
•
0
(".l
•
•
•
"
0
--
I
~
o
20
o
o
("')
o
li'l
(".l
o
o
N
o
li'l
.....
(6)t/6w) peal
o
o
.....
o
li'l
o
1996 WGMS Report
,...------------------------------,. -::r
Figure AS.5 The relationship bet\veen lead and organic carbon in sediments [rom the Mersey estuary.
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Figure A5.6 The relationship between lead and median particle diameter in sediments from the Mersey estuary.
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Figure AS.7 The relationship between mercury and organic carbon in sediments from the Mersey estuary.
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Figure A5.8 The relationship between lead and aluminium in sediments from various estuaries.
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Figure A5.9 The relationship between mercury and aluminium in sediments from various estuaries.
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ANNEX 6
STANDARD OPERATING PROCEDURES
Anal)"tical procedures for the determination of organochlorine pesticides, pol.)'chlorinated biphen)"ls and
polycyclic aromatic hydrocarbons in sediments
At the 1995 meeting ofthe Working Group on Marine Sediments in Relation to Pollution it was agreed to review standard
operating procedures for organochlorine pesticides and rCßs as weIl as for polycyclie aromatie hydroearbons. Method
descriptions were received from four institutes (organochlorine eompounds) and two institutes (PAlis), respectively.
Additional information was submitted eonceming the analysis ofpolychlorinated dibenzo-p-dioxins and -furans as weIl as
ofplanar Cßs.
Analyses oforganie compounds include several steps:
extraction ofdry or wet sediment sampIes with organie solvents,
clean-up steps in order to remove co-extracted components interfering with subsequent analyses,
- possibly aseparation ofthe cleaned-up extract into different fraetions by column chromatography,
chromatographie separation (GC, HPLC) with subsequent detection ofcompounds (e.g., ECD, fluorescence detector).
AIl steps can contribute to the overall error in measurement. The QUASlt\1EME 1995 (round 4) exercises demonstrate that
there are still considerable difficuIties in analysing organie contaminants reliably. The determination of organochlorine
pesticides (OCPs) was more diffieult than for Cßs: the variances for OCPs ranged from 23 to 118 %, for Cßs from 20-35
%. For PAlis, ben...een-Iab variances observed in the QUASIMEME exercise 1995 (round 4) are similar for standard
solutions, cleaned and raw sediment extracts: 13-22 %, 17-26 % and 17-34 %, respectively.
For all steps, various procedures can be applied. The choice of an appropriate procedure for the sampIe matrix under
investigation might be very important. F. Smedes and J. de ßoer discussed the advantages and disadvantges of several
methods for the determination ofchlorobiphenyls in detail (Smedes, F., and de Boer, 1. In press. Chlorobiphenyls in marine
sediments: Guidelines for determination. ICES Teehniques in Marine Environmental Sciences No. 21). Most of the
methods reviewed are appropriate to other organochlorine compounds, too. For the analyses of polycyclie aromatie
hydrocarbons such an overview is not available.
•
In the following, the main steps ofthe procedures reported by participants ofthe WGMS are summarized. Polychlorinated
dibenzo-p-dioxins and -furans and planar CBs are not included. They require more complex clean-up procedures. •
The Ietters a) to d) refer to members ofWGI\1S who submitted information:
a) Ian Davies, SOAEFD Marine Laboratory, P.O. Box 101, Victoria Road,
Aberdeen AB9 8DB, United Kingdom
b) Bemard Boutier, IFREMER Nantes, ßP 1049,44037 Nantes Cedex 01, France
c) Birgit Schubert, Federal Institute ofHydrology, P.O. Box 309, 56003 Koblenz, Germany
d) Teresa Nunes, Institut Espanol de Oceanografia, CO de Vigo, Apartado 1552,
36280 Vigo, Spain
DETERMINATION OF ORGANOCIILORINE COMPOUNDS AND PCBS IN SEDIMENTS
Storage of sediment sampIes:
a) no information
b) no information
c) frozen (-20°C) or freeze-dried for long-term storage
d) frozen (-20°C) or freeze-dried for long-term storage
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50-200 g
30-50 g
1-10 g
Dl")'ing procedure (ifapplicable):
a) no infonnation
b) no infonnation
c) freeze-drying
d) freeze-drying
Further sampie preparation:
a) grinding and sieving of sediments
b) no infonnation
c) sieving (<2 mm: dry sieving; '<20 11m + residual TOC': wet sieving with ultrasonic treatment and further separation
by different settling velocities); grinding ofeach fraction
d) sieving to 2 mm and grinding
Extraction procedure:
a) hot Soxhlet; cellulose thimbles; 4 hr (small thimbles), 8 hr (Iarge thimbles);
methyl t-butyl ether
b) Soxhlet; 16 hr
hexane/acetone (50/50, voVvol)
e) regular Soxhlet; 6 hr; fritted-glass thimbles;
hexane/acetone (2/1; voVvol)
d) soxhlet; 15-20 hr; fritted-glass thimbles
• pentane/dichloromethane (50/50; voVvol)
Quantity of material extracted:
a) clean offshore marine sediment:
eoastal or estuarine sediment:
sludges or spoils:
b) no infonnation
e) depending on the expected contaminant concentrations and the grain-size
fraction analysed: 2-40 g
d) clean ofTshore marine sediment: 50 g
eoastal or estuarine sediment: 10-50 g
Clean-up:
a) Refluxing each 2 g ofsediment with 10 to 15 gofaetivated copper pO\"'der during extraction (removal of sulphur)
For removal oflipids, pigments, ete., and fractionation a eolumn c1ean-up with 3 subsequent steps is earried out. The
sarnple is in 1 ml hexane.
1 (Na2S04) / 6 g ofA120 J (5% 1I20); elution with hexane.
2 (Na2S04) / 3 gofAI20 J (5% H20); partial separation ofpesticides from CBs.
3 (Na2S04) / Si02(3% 1I20); further fractionation, elution with hexane.
b) eoncentrated H2S04, Hg and copper powder
e) Refluxing the extract with activated copper powder (sulphur removal).
For column c1ean-up, the sampIe is in 1 ml hexane:
- (Na2S04) / Si02(activated) for sarnples with a low TOC; elution with hexane/acetone (95/5; voVvol)
- (Na2S04) / AI20 J (9% 1I20) for all sarnples, especially for removing lipid; elution with n-hexane
eoncentrated H2S04, if chromatographie c1ean-up was not sufficient
- fractionation with (Na2S04) / Si02(activated), ifrequired; fraction 1: elution with n-hexane
CBs and some pesticides; fraction 2: elution with n-hexane/acetone (95/5; voVvol); other pesticides
d) Treatment with tetrabutyl arnmonium/Na2SOJ (sulphur removal)
For eolumn c1ean-up, the sarnple is in 3 ml pentane:
- AI20 J (6 % water); elution with pentane; change ofsolvent to iso-oetane (1 ml)
- fraetionation with Si02 (l% 1I20): fraetion I: elution with iso-octane; CBs and some pesticides; fraetion 2: elution
with iso-oetane/diethylether (85/15; voVvol); other pesticides
Fraetion 2 is further c1eaned-up with eone. H2S04 when needed.
Internal standard:
a) CS 209, added to the extraction thimble
b) CD 209 prior to GC analysis
c) CS 103 prior to c1ean-up; tetrachloronaphthalene is added when the final volume for GC analysis is adjusted .
d) CB 155 added to the final extractjust before GC analysis
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Concentration ofsolvents:
a) rotary evaporator: slow evaporation to the approximate volume required or to less than 10 ml
- Zymark turbovap: automatie evaporation from large volumes to 0.5 ml
- blow down with a stream ofair c1eaned with charcoal
b) no infonnation
c) Rotary evaporator: evaporation to a minimum volume of 10 ml. Before blowing down with Nz (5.0), a solution of
dodecane is added as keeper.
d) Rotary evaporator, adding isooctane as keeper: evaporation to a minimum volume of 3-5 ml. Further concentration
with Nz (5.0).
Storage ofsarnpJe extracts:
a) raw extract: in dichloromethane or n-hexane (methyl t-butyl ether has to be replaced); in refridgerator or metal
cupboard
cleaned-up extract: in hexane or 2,2,4-trimethylpentane; in retridgerator or cupboard
b) no infonnation
c) raw and c1eaned-up extracts: in hexane/acetone, hexane or 2,2,4-trimethylpentane; in cupboard at room temperature
d) c1eaned-up extracts in iso-octane in the refridgerator for a short period « J month)
CaJibration:
a) set of6 standards: 4, 10,40, 100,400, 1000 nglg;
linear regression for the linear range
b) no infonnation •
c) set of 10 standards prepared from crystalline compounds: 1,2.5,5, 10,20,50, 100,200,400,600 nglml (storage in a
cupboard);
non-linear regression; peak height
d) multilevel calibration with at least 5 concentration levels; standards (stock solutions, intennediate solutions and
working standards) prepared by weight. Stock solutions are prepared trom crystalline compounds;
linear regression; peak height
GC conditions:
a) CP-Sil 8; no further infonnation
b) OB 5 (60 m; 0.25 mrn int. diameter; 0.2 Jlrn film thickness)
automatie splitless injection (270 oe); ECO (300 oe);
carrier gas: Hz
temperature prograrn:
80°C for2 rnin
to 200°C with 20 °C/min; 200°C for 20 min
to 300°C with 5 °C/min
c) OB I and OB 1701 in parallel (each: 60 m; 0.25 mm int. diameter; 0.25 Jlm film thickness)
automatie splitless injection (260 oe); ECO (300 oe);
carrier gas: He
temperature prograrn:
60°C for 4 min
to 150°C with 8 °C/min; 150°C for 3 min
to 230°C with 4 °C/min; 230°C for 30 min
to 280°C with 3 °Clmin; 280°C for 30 min
d) CP-Sil 8 and CP-Sil 19 in parallel (each 50 m)
automatie splitless injection
carrier gas: Hz
Analytical quality assurance:
a) in each bateh:
A set of6 standards is ron before each bateh.
method blank
A laboratory reference sediment is treated as a sampIe.
duplicate analyses ofone sediment sampIe
b) no infonnation
c) in each batch:
A set of 10 standards is ron before each bateh.
method blank
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•A laboratory reference sediment is treated as a sampIe.
determination ofthe recovery starting from the clean-up with a standard solution
(certified) reference materials: 2 to 4 times/year
d) For GC-measurement in each batch:
discard ofthe first injection
method blank
at least 5 working standards placed between sampIes
For the complete procedure, each batch includes a method blank. Every second batch, a recovery check starting in
the clean-up step with a standard solution is carried out. A reference material (HS-I, NRC. Canada) is included
every month. About 15 % ofthe sampIes analysed are replicates.
Calculations
a) no information
b) no information
c) Peak heights are corrected for the peak height ofthe internat standard tetrachloro-naphthalene (TCN). Correction
for the recovery ofthe clean-up procedure. The recovery is determined with standard solutions treated as sampIes.
d) Peak heights are corrected for the peak height ofthe internat standard, CS 155.
SampIe extract weights and internal standard weights are used in the calculations; all CBs and pesticide
concentrations are expressed by weight.
DETERMINATION OF POLYCYCLIC AROMATIC HYDROCARBONS IN SEDIMENTS
Drying procedure (ifapplicable):
b) no information
c) freeze-drying
Further sampIe preparation:
b) no information
c) sieving (<2 mm: dry sieving; '<20 Ilm + residual TOC': wet sieving with ultrasonic treatment and further separation
by different settling velocities); grinding ofeach fraction
Extraction procedure:
b) Soxhlet; 16 hr
dichloromethane/acetone (50150, voVvol)
c) regular Soxhlet; 6 hr;e fritted-glass thimbles; hexanelacetone (2/1; voVvol)
Quantity of material extracted:
b) no information
c) depending on the expected contaminant concentrations and the grain-size fraction analysed: aliquot corresponding to
0.16 to 3.2 g
Clean-up:
b) Sial column (SEP-PAK)
c) For column clean-up, the sampIe is in 1 ml hexanelacetone:
- (NalS04) 1Sial (activated) 1cyanopropyl phase; alternatively:
- (NalS04) 1 AIlOJ (9% HlO), especially when sampIes contain high concentrations of coloured organic
compounds.
Internal standard:
b) phenanthrene-d10; benzo(ghl)fluoranthene
c) 6-methylchrysene is added prior to clean-up; benzo(b)chrysene is added when the final volume for GC analysis is
adjusted.
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290/430
300/500
Concentration:
b) no infonnation
e) rotary evaporator: evaporation to a minimum volume of 10 ml
blow down with N 2 (5.0) to small volumes (0.5 or I ml)
Storage of sampIe extracts:
b) no infonnation
e) raw and c1eaned-up extraets: in hexane/acetone, hexane or aeetonitrile; in cupboard at room temperature
Calibration:
b) no infonnation
c) set of7 standards prepared from erystalline eompounds: (storage in a eupboard)
linear regression; peak height
HPLC conditions:
b) HPLC with a wavelength programmable fluorescenee detector:
Vydack 201 TP (reversed phase; int. diameter: 4.6 mm; length: 25 cm)
automatie injection: 10 fll
temperature ofeolumn oven: 30°C
mobile phase: acetonitrile/water (%):
omin: 50/50; 5 min: 55/45; 16 min: 55/45; 40 min: 74/26; 50 min: 90/10
wavelength program: excitationlemission in nm
fluoranthene, benzoeb)fluoranthene: 260 / 420
benzo(k)fluoranthene, benzo(a)pyrene,
benzo(ghi)perylene
indeno( I23-cd)pyrene:
e) HPLC with a wavelength programmable fluoreseenee deteetor:
MZ-PAH CIS, (MZ Analysentechnik, Mainz; partic1e size:
5 flm; int. diameter: 3 mm; length: 25 cm)
automatie injeetion: 10 fll
temperature ofeolumn oven: 35°C
mobile phase: acetonitrile/water (%):
omin: 60/40; 35 min: 100/0; 55 min: 100/0; 60 min: 60/40
wavelength program: excitationlemission in nm:
naphthalene, fluorene,
phenanthrene: 275 /350
anthracene: 375/425
fluoranthene, pyrene: 335/440
benz(a)anthraeene, ehrysene 315 /405
benzo(e)pyrene, benzo(b)fluoranthene 330/420
benzo(k)fluoranthene, benzo(a)pyrene 375/460
dibenz(ah)anthraeene, benzo(ghl)perylene: 345/420
indeno(123-cd)pyrene 300/500
Analytical quality assurance:
b) no infonnation
c) in eaeh batch:
set of 7 standards is ron before each batch
method blank
a laboratory referenee sediment is treated as a sampIe
reference materials (SRM 1941; SRM 1647 e; NIST)
determination ofthe recovery ofthe c1ean-up step
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•ANNEX 7
GUIDELINES FOR TIIE DETERl\lINATION OF CHLOROßIPIIENYLS IN SEDIMENTS:
ANALYTICAL METIIOD
These guidelines take into account the papers from Smedes and de ßoer [I, 2].
Introduction
These guidelines are extracted from the review paper \\'ritten by Smedes and de ßoer [I] on request of ICES. For more
detailed explanations, it is advisable to consult this paper.
The analysis of chlorinated biphenyls in sediments generally includes extraction with organie solvents, c1ean-up,
removal of sulphur, column fractionation and gas chromatographie separation, mostly with electron capture or mass-
spectrometric detection. All of the steps in the procedure are susceptible to insufficient recovery andlor contamination.
Where possible, quality control procedures are reeommended in order to eheck the method performance. In addition,
the quality control aspeets relating to ealibrant, extraction, c1ean-up, etc., are considered. These guidelines are intended
to encourage and assist anal)1ical chemists to critically (re)consider their methods and to improve their procedures
andlor the associated quality control measures where necessary. It should be noted that these guidelines do not cover
the determination of non-ortho substituted Cßs. Due to the low concentrations of non-ortho Cßs in sediments
compared to those ofother Cßs, their determination requires an additional separation and concentration step.
These guidelines can also be applied for the analyses of several organochlorine compounds, e.g., chlorobenzenes or
DDT and its metabolites, and hexachlorocyclohexanes. The recovery in the c1ean-up procedures has to be checked
carefully. Especially treatment with 112S04 results in loss of, e.g., dieldrin and endosulfanes. Also, the c1ean-up
procedure with silver ions can result in low recoveries for special pesticides.
It is neither possible nor desirable to provide fully detailed guidelines for the analysis of sediments. If necessary,
guidance should be sought from highly specialized research laboratories. Whichever procedure is adopted, each
laboratory must demonstrate the validity of each step of their procedure. In addition, the use of a second, different
method, next to the routine procedure, is recommended as a validation. The analyses have to be carried out by
experienced staff.
Sampling and storage
Plastie materials (except polyethylene or polytetrafluorethene) must not be used for sampling due to adsorption by the
container material.
The sampIes should be transported in c10sed containers; a temperature of25 °C should not be exceeded. Ifthe sampIes
are not analysed within 48 hours after sampling, the sampIe has to be stored at 4°C (short-term storage). A storage overe several months is only possible for frozen (below -20 oe) and dried sampIes.
Blanks and contamination
The procedural detection limit is determined by the blank value. In order to keep the blank value as low as possible, all
glassware, solvents, chemicals, adsorption materials, etc., should be free of Cßs or other interfering compounds.
• Glassware should be extensively washed with detergents and heated at >250°C and rinsed with organic solvent
prior to use.
• All solvents should be checked for impurities by concentrating the volume normally used in the procedure to 10%
of the normal end volume. The presence of Cßs and other compounds in the solvents ean then be checked by GC
analysis.
• All chemicals and adsorption materials should be checked for impurities and purified (e.g., by heating or
extraction), ifnecessary. Glass fiber Soxhlet thimbles should be pre-extracted. The use ofpaper thimbles should be
avoided. Altematively full glass Soxhlet thimbles, with a GIglass filter at the bottom can be used. The storage of
these super-c1eaned materials for a long period oftime is not recommended, as laboratory air can contain Cßs that
will be absorbed by these materials. ßlank values occurring despite all the above-mentioned precautions may be due
to contamination from the air.
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Pre-treatment
CBs can be extracted from wet or dried sampIes. IIowever, storage, homogenization and extraction are much easier
when the sampIes are dry. Drying of the sampIes may alter the concentration, e.g., by loss of compounds through
evaporation or contamination.
Before taking a subsampIe for analysis, the sampIe should be sufficiently homogenized.
Chemical drying of sampIes can be performed by grinding with Nal S04 or MgS04 until the sampIe reaches a sandy
consistency. It is essential that between grinding and extraction at least several hours are taken to allow a proper
binding ofthe water to avoid insufficient extraction.
Freeze drying is becoming a more popular technique. Losses through evaporation are diminished by keeping the
temperature in the evaporation ehamber below 0 °C. Losses and contamination have to be checked. Contamination
during freeze drying is reduced by putting a Iid on the sampIe container with a hole ofabout 3 mm in diameter.
Extraction
The target compounds have to be extracted from the sediment with an organic solvent prior to further analysis.
Wet sediments are extracted by mixing with organic solvents. Extraction is stimulated by shaking, Ultra Turrax mixing, •
ball mill tumbIer or ultrasonic treatment. Water miscible solvents are used, especially in the first step, such as methanol,
acetone, acetonitrile, ete. The extraction efficieney of the first step is low as there will be a eonsiderable amount of
water in the liquid phase. The extraction is continued with a mixture ofpolar and apolar solvents (acetone + hexane or
methanol + dichloromethane). For an accurate extraction, at least three subsequent extractions are needed and the
contact time (24 hours) with the solvent should be sufficient to complete the desorption ofthe CBs from the sediment.
Wet sediments can also be extracted utilizing a Soxhlet but this is best done in two steps. First a polar solvent, such as
acetone, is used to extract the water from the sediment. Then the flask is replaced and the extraction is continued with a
mixture of, e.g., acetoneIhexane.
In both cases, water has to be added to the extracts and the CBs have to be extracted to an apolar solvent such as
hexane.
For dried sediments, Soxhlet extraction is the most frequently applied technique to extract CBs. The use ofa mixture of
apolar and an a polar solvent (e.g., acetoneIhexane) is recommended for sufficient extraction efficiency. A good choice
is 25% acetone in hexane. A higher content ofthe polar solvent increases the extraction efficiency, but the polar solvent
has to be removed prior to gas-chromatographie analysis. The extraction can be carried out with a regular Soxhlet or a
hot Soxhlet. At least 50-60 extraction cycles have to be performed (- 8 hours for the hot Soxhlet). The extraction
efficiency has to be checked for different types of sediments by a second extraction step. These extracts should be _
analysed separately. ,.,
Supercritical fluid extraction (SFE) is a relatively new method. The optimum conditions are still under investigation. A
new statie extraction system applying high temperature and high pressure seems to be a promising technique.
All of the methods described are, in principle, suitable for the extraction of CBs from sediments. 1I0wever, for dry
sampIes Soxhlet extraction is recommended over mixing methods.
Prior to any concentration step a keeper (high boiling alkane) has to be added.
Clean-up
The crude extract requires a c1ean-up as many other compounds are co-extracted. This extract will be coloured due to
chlorophyll-Iike compounds extracted from sediment, and it will also contain sulphur and sulphur-containing
compounds, oil, PAlIs and many other natural and anthropogenie compounds.
32 1996 WGMS Rcport
•a) Remoyal ofsulphur and sulphur-containing compounds
An aqueous saturated NA2SOJ solution is added to a hexane extract. In order to allow transfer of the HSO
J
• ions to the
organic phase, tetrabutylammonium (TBA) salts and isopropanol are added to the mixture. Subsequently, water is
added to remove the isopropanol. The aqueous phase is quantitatively extracted with hexane [3]. If the extraction was
performed by a polar solvent miscible with water, a Na2SOJ solution can be added directly after the extraction. ]f the
extraction mixture also contains an apolar solvent, then depending on the ratio ofthe solvents, the addition ofTBA and
isopropanol is not necessary. Any excess of Na2S03 and reaction products can be removed by addition of water and
partitioning between apolar solvent and water.
Japenga cl al. [4] developed a column method for the removal of sulphur and sulphur-containing compounds. The
column material is made by mixing an aqueous solution ofNa2SOJ with AI20 J• Some NaOll was also added to improve
the reaction with sulphur. Subsequently, the material is dried under nitrogen until a level of deactivation equivalent to
10 % water is reached. Storage must be under nitrogen as sulphite in this form may easily be oxidizcd to sulphate.
Eluting the extract (hexane) through a column mIed with this material results in removal ofthe sulphur in combination
with further c1ean-up ofthe sediment extract. The sulphur removal properties are somewhat difficult to control.
Mercury, copper powder, wire or gauze remove the sulphur dircctly from an' organie solvent. Although mercury is
appropriate for removing sulphur, it should be avoided for environmental reasons. Copper can be applied after or
during Soxhlet extraction. Ultrasonie treatment might improve the removal of sulphur. If sulphur appears to be present
in the final extract, the amount of copper or mercury was insufficient and the c1ean-up procedure has to be repeated.
Silver ions strongly bind sulphur and sulphur compounds. Loaded on silica, AgNOJ is a very efficient sulphur
removing agent. It can be prepared by mixing dissolved AgNOJ with silica and subsequently drying under nitrogen.
Compounds containing aromatic rings are strongly retained, but for CBs this retention is reduced, probably due to
shielding ofthe rings by the chlorine atoms. Retained compounds can easily be e1uted by using cyclohexene, or another
solvent with double bonds, as a modilier.
Elemental sulphur is strongly retained on a polystyrene divinylbenzene copolymer column as generally applied for gel
permeation chromatography (GPC). In addition, this method combines the removal of sulphur with a c1ean-up.
All of these methods have their advantages and disadvantages. Sometimes for different sampIes the use of multiple
methods may prove necessary. Several methods leave some aromatic sulphur compounds in the extract whieh will elute
from the GC column at the same retention time as the lower CBs. The major part of these compounds can be removed
by eluting an apolar extract over a column with silica loaded with concentrated sulphuric acid. .
b) Further clean-up
As CBs are apolar, clean-up using normal phase chromatography is the most appropriate technique for their isolation
from other compounds. Using an apolar solvent, e.g., hexane or iso-octane, as an eluent, CBs normally elute very
rapidly. All polar solvents used in the extraction or sulphur removal step should be removed before further c1ean-up.
The last concentration step is usually performed by evaporation with agentie stream of nitrogen. Evaporation to
dryness should always be avoided.
Deactivated Al20 J (5-10% water) is used very often as a primary c1ean-up. Provided that sulphur has been removed,
Al20 J normally gives a sufficiently clean extract for a GC-ECD screening ofthe sampIe.
Deactivated Si02 (1-5 % water) does not retain CBs (including planars) and only slightly retains polyaromatic
hydrocarbons when eluted with hexane or iso-octane.
For high activity silica (ovemight at 180 oe) the retention of CBs is negligible while PAlis are more strongly retained.
The CBs and a few organochlorine compounds are eluted with apolar solvents. Using more polar solvents, some
interfering organochlorine pesticides are eluted (e.g., hexane/acetone).
When GPC is applied for removing the sulphur, the removal ofhigh molecular weight material can be incorporated into
the procedure as weIl. GPC does not separate CBs from other compounds in the same molecular range such as
organochlorine pesticides and so additional c1ean-up is usually required.
For the separation of CBs from lipids or oil components, reversed phase IIPLC can be used. Because of the aqueous
solvents in reversed phase IIPLC, the sampIes have to be transferred several times between polar and apolar solvents.
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Gas chromatography (GC)
Because of the large number of CB congeners (209), high resolution capillary GC is the method of choiee for the
determination of CBs. The CB analysis of sediments should focus on the determination of selected individual
congeners. As it is currently impossible to separate all CBs in technieal mixtures and to separate them from other ECD
detectable compounds, it is recommended that two columns of different selectivity (polarity) be used for analysis. For
more reliable separation of CBs, multidimensional GC (MDGC) is the preferred method. This technique is especially
valuable for specific separations, but still needs basic investigations before routine application is possible. For all GC
methods, parameters have to be optimized.
Column diameters
Column dimensions for the determination ofCBs should be the following:
- length: minimum 50 m
- inner diameter: maximum 0.25 mm
More resolution can be obtained by reducing the inner diameter to 0.20 mm or less. Below a diameter of 0.15 mm
the carrier gas pressure rises to values greater than 500 kPa, whieh are not compatible with normal GC equipment.
Also the risk ofleakages increases.
- film thiekness: between 0.2 and 0.4 /lm.
Stationary phases
A wide range of stationary phases can be used for the separation of CBs (e.g., 94% dimethyl-, 5% phenyl-, 1% vinyl
polysiloxane, or 7% phenyl-, 7% cyanopropyl-, 86% methyl siloxane). The use of more polar phases is sometimes
Iimited as their maximum temperature is not as high as for apolar, chemically bonded phases. Stationary phases that
separate CBs on the basis of molecular size, such as the liquid crystal phase, should not be used for monitoring
purposes since they do not provide sufficient reproducibility.
Carrier gas
Preferably hydrogen should be used as the GC carrier gas. When using columns with very small inner diameters, the
use of hydrogen is essential. The linear gas velocity should be optimized. Appropriate settings for 0.25 mm i.d.
columns range from 20-40 cmJs and for 0.15 mm Ld. columns from 30-50 cm/s.
Injection technigues
•
The two systems commonly used are splitless and on-column injection. Split injection should not be used because
strong discrimination effects may occur. Other techniques such as temperature-programmed or pressure-programmed
injection may have additional advantages, but should be thoroughly optimized before use. The volume of the liner
should be large enough to contain the gas volume of the evaporated injected solvent. When the liner is too smalI,
memory effects can occur due to contamination ofthe gas tubing attached to the injector. Very large liner volumes can •
cause a poor transfer of early eluting components, so that peaks due to those analytes will be reduced or even disappear.
An auto-sampler should be used. In addition, the use of a light packing of (silylated) glass wool in the liner does
improve the response and reproducibility of the injection, but some organochlorine pesticides Iike DDT may be
degraded when this technique is applied.
Temperature programming
The temperature programme has to be optimized for a sufficient separation of the CB congeners. An analysis time of
60-120 minutes is inevitable. Besides a reproducible temperature programme, a fixed equilibration time is important
for a correct analysis and constant retention times.
For further details and recommendations, the paper by Smedes and de Boer [I] should be consulted.
Detection
The most frequently used detector for CB analysis is the electron capture detector (ECD). Injection of chlorinated or
oxygen-containing solvents should be avoided. The use of a mass selective detector (MSD) or even a mass
spectrometer (MS) as adetector for CB analysis is becoming more common and generally applicable. Negative
chemical ionization (NCI) is extremely sensitive for penta- to deca-chlorinated CBs (ca. ten fold better than ECD).
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Electron impact ionization (EI) may be used as an alternative ionization method, but for most CBs the sensitivity ofthis
method is ten-fold lower than for ECD.
Identilication
The presence of a single compound of CBs is proved if the retention time of the substance corresponds with that of the
respective compound in the standard solution analysed under the same conditions on both columns. Using a GC/MS
system additionally the molecular mass or characteristic mass fragments (chlorine cluster) is a suitable way to prove the
identification ofthe CBs.
Quantilication
Since the ECD has a non-linear response curve, a multilevel calibration with at least five concentration levels is
strongly recommended. A point-to-point calibration is preferred. If that option is not available, a linear working range
can be identified, which allows the use of linear regression within this range. Alternatively, a non-linear fit can be used.
In case that regression is applied, the standards should always be recalculated as sampIes and checked against their
nominal values. Deviation from the nominal values should not exceed 5 %.
When the chromatogram is processed by using automated integrators, the baseline is not always set unambiguously,
and always needs visual inspection. The use ofpeak heights is recommended for quantification.
The GC system should be equilibrated by injecting at least one standard or sampIe omitting any further evaluation prior
to aseries of sampIes and standards. In addition, standards used for multilevel calibration should be regularly
distributed over the sampIe series, so matrix and non-matrix containing injections alternate. A sampIe series should
consist of
- a procedural blank
- a laboratory reference material
- at least 5 standards
- one standard solution that has been treated similarly to the sampIes (recovery determination).
Using a GCIECD system with two columns of different polarities, the more reliable result has to be reported.
The limit of determination should depend on the purpose of the investigation. A limit of 0.1 nglg (dry weight, fraction
< 2 mm) or better should be achieved. The method for calculating the limit of determination should be according to
QUASIMEME advice. The limit of determination that can be achieved depends on the blank, on the sampIe matrix,
concentrations of interfering compounds and the intake of sediment for analysis.
Qualityassurance
A number ofmeasures should be taken to ensure a sufficient quality ofthe analysis. Five main areas can be identified:
- internal standards
- extraction efficiency and clean-up
- calibrants and calibration
- system performance
- long-term stability
Internal standards
The ideal internal standard is a CB which is not found in the sampIes and does not co-elute with other CBs, e.g., CBs
29, 112, ISS, 198 or aIl2,4,6-substituted Cß congeners. Alternatively, 1,2,3,4-tetrachloronaphthalene can be used.
Extraction and c1ean-up
The check of extraction and c1ean-up can be performed by analysing a reference material. For the check of the c1ean-up
and concentration steps, it is recommended to pass a standard solution through the whole procedure. This standard
solution is used for the determination ofthe recovery for the sampIe series. Additionally, an internal recovery standard
should be added to each sampie before extraction, to check for recovery during the analytical procedures. If major
losses have occurred, then the results obtained should not be reported. CB 29 is suggested as a recovery standard, as,
because of its high volatility, losses due to evaporation are easily detected. CB 29 elutes relatively late from alumina
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and silica columns. Small peaks that may be present in the gas chromatogram at the retention time of CB 29 do not
hinder the use ofthis CB because the recovery standard only indicates major errors in extraction or c1ean-up.
In case GC/MS is appIied, labelied CBs can be used as recovery standards. This allows correction for recovery,
provided that each chlorination stage is represented.
Calibrants and calibration
CB determinations should always be carried out using calibration solutions prepared from crystalline CBs. Preferably
certified CBs should be used. Two independent stock solutions of different concentrations should always be prepared
simultaneously to allow a cross check to be made. Calibration solutions should preferably be stored in ampoules in a
cool and dark place. For all containers with standards, the weight loss during storage should be recorded.
After c1ean-up and before GC analysis, at least one internal standard is added for volume correction.
Internal standards should be added in a fixed volume or weighed to all standards and sampIes.
System performance
The performance of the GC system can be monitored by regularly checking the resolution of two closely eluting CBs.
A decrease in resolution points to deteriorating GC conditions. The signal-to-noise ratio yields information on the
condition of the detector. A dirty ECD-detector or MS-source can be recognized by the presence of a higher •
background signal, together with a reduced signal-to-noise ratio (see also detection).
Lone-term stability
One laboratory reference sampie should be included in each series of sampies. A quality control chart should be
recorded for selected CBs. lethe waming limits are exceeded, the method should be checked for possible errors. When
alarm limits are exceeded, the results obtained should not be reported.
A certified reference material should be analysed at minimum twice a year and each time the procedure is changed.
Each laboratory analysing sediments should also participate in interlaboratory studies on the determination of CBs in
sediments on a regular basis.
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ANNEX8
TEMPORAL TRENDS IN SOME SEDIMENTS
1.1 Standards based on limited change
When waste is deposited at a disposal site and the material reaches the seabed, there will almost certainly be a change in
the quality ofthe sediment at the seabed. This change is likely to be most pronounced in the early stages ofan on-going
operation; it will then reach an equilibrium. A standard based on limited change in this 'equilibrium' period will ensure
that the quality ofthe seabed at the disposal site will not become worse.
1.2.1 Measuring change
The following section provides two examples ofthe approach to measuring change in sediment and setting 'no-change'
standards.
1.2.2 Tyne
Introduction
In order to improve the water quality of the Tyne estuary, changes were made in the Tyneside sewerage system in the
late 1970s. Among these, the installation of new collection sewers and treatment facilities has resulted in the production
of quantities of primary settled sewage sludge which is deposited at sea off the River Tyne. The operation started at a
low level in 1978 and increased to an annual deposition of approximately 500,000 wet tonnes in 1984, since when it
has varied little.
The seabed at the sewage sludge disposal site consists of soft muddy sand and the water is 50 m deep. The tidal streams
run approximately parallel with the coast, with maximum velocities of 40 cm S·I.
During the early stages ofoperation, regular monitoring was undertaken with a view to detecting any effects of disposal
as soon as they occurred. The monitoring programme was primarily aimed at assessing the condition of the seabed and
its associated fauna, although the area was also examined for water and fish quality as part of nation-wide monitoring
programmes. The present discussion deals with studies of spatial and temporal changes in surface sediment quality. The
temporal component ofthis work has been carried out since 1987.
Methods
Seabed sampIes were collected in line with GCSDM guidelines. A 0.1 m2 Day grab was used to sampIe the seabed.
Immediately after collection, a surface scrape of the sediment was taken for bacterial analysis. E. eoli were enumerated
using a membrane filtration procedure.
Sub-sampIes of the surface 0-1 cm of the sediment were stored frozen for later chemical and physical analysis. On
return to the laboratory, the sediments were defrosted and sieved at 63 11m to extract the fine fraction. The fines were
subdivided and the carbon content of one sub-sampIe determined instrumentally, after pre-treatment with sulphurous
acid to remove any carbonates present. Another sub-sampIe was digested with aqua regia and the metals mercury,
copper, chromium, nickel, lead and zinc determined using atomic absorption spectrophotometry.
Results and Discussion
The area ofsludge settlement as indicated by faecal bacteria is at and to the southeast ofthe disposal site (Figure A8.1).
This figure also shows areas of sediment impacted by the outflow ofthe River Tyne and coastal outfalls, hoth ofwhich
contain sewage bacteria.
The examples given in Figures A8.2a to A8.2c show that there is a general reduction in trace metal and carbon
concentrations with distance from the shore and that the outflow of the River Tyne affects sediment composition.
However, with the possible exception of chromium, there is no evidence of accumulation of either metals or carbon at
the disposal site. In the context of the riverine inputs to the nearshore zone, it should be noted that the Tyne drains a
catchment whieh includes the heavily mineralized Pennines as weil as industrial sources of contamination and the
elevated levels ofmetals cannot be ascribed wholly to man-made contamination.
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In order to assess any changes in sediment quality with time, a system has been set up based on a stratified random
design (Figure A8.3) in which sediment sampIes collected in different years can be compared. The sampIes are
collected from an area centred on the zone of initial settlement defined by the faecal bacteria discussed earlier and are
designed to detect changes in sediment quality brought about if there is an accumulation of sludge. This design meets
the requirements of GCSDM for a 'no-change' standard. This sampling system supersedes an earlier design based on
transect sampling which was liable to renect a component of the generaloffshore trend of decreasing metal
concentrations.
For most elements there is Iittle year-to-year variation in the results (Figure A8.4a-d).
1.2.3 Liverpool Bay
Introduction
Each year about 1.5 million wet tonnes of sewage sludge are deposited at adesignated site in Liverpool Bay (Figure
A8.5) by North West Water Ltd (formerly the North West Water Authority). The MAFF Burnham-on-Crouch
Laboratory has studied the area since the 1970s to determine any effects on water, sediment or fish quality.
This work has included the analysis of sediment sampies collected near the disposal site (Figure A8.5), where effects on
sediment chemistry have been observed (Norton et al., 1984 and unpublished data).
Methods
Sediment sampIes were collected using a 0.1 m2 Day grab. SampIes ofthe surface 0-1 cm ofthe sediment were stored
frozen for later chemical and physical analyses. On return to the laboratory the sediments were defrosted and sieved to
extract the fine fraction. While the 90 flm sieve was not in accord with GCSDM advice, it was used in preference to the
63 flm sieve to ensure consistency with earlier work.
The fines were subdivided and the carbon content of one sub-sampIe determined instrumentally, after pre-treatment
with sulphurous acid to remove any carbonates present. Another sub-sample was digested with aqua regia and the
metals mercury, copper, chromium, nickel, lead and zinc determined by atomic absorption spectrophotometry.
Results and Discussion
•
Concentrations of trace metals in the sediments exhibit highly non-normal distributions and are therefore described
using non-parametric measures. Figure A8.6(a-c) shows the median and range of concentrations ofmercury, zinc and
chromium from 1980 to 1990. The most notable feature of the time series is the absence of any marked trend over the
decade of study. Figure A8.6d shows carbon data presented in the same manner as the metal data. This shows a
consistent median value during the period 1983 to 1990, although it appears that the concentrations may have been
slightly lower in the early years of the decade. The concentration ranges show considerable overlap between all years
suggesting that this small difference is of Iittle significance. •
When considering data from this sandy area, it must be recognized that the <90 flm fraction in general represents less
than 5% of the total sediment and that, when considered on a whoie sediment basis, the concentrations of metals are
very low.
It is known that sediments in the vicinity of the disposal site contain higher concentrations of several metals (e.g.,
copper, mercury, zinc and lead) than sediments further away (Norton et al., 1984) and it seems reasonable to conclude
that there has been some accumulation ofmetal contaminants in the area as a direct consequence ofthe sewage-sludge
disposal operation. However, the fact that there has been no increase during the last 10 years indicates that the system is
in a steady state and has been so for at least the last decade.
1.2 No-change action lenis
The above data show the changes in sediment metal concentrations at the Tyne and Liverpool Bay disposal sites. In
order to show the data graphically, the Tyne data have been dealt with using parametrie statistics while the Liverpool
Bay data have required the use ofnon-parametric measures.
The Metals Task Team, after examining this information, together with some from the Garroch Head disposal site,
decided that standards should be set on the basis of a Shewart chart using the standard errors calculated on the basis of
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five years' data. Two standard errors should be taken as the waming level and three as the Action Level. Figure A8A
ilIustrates this approach in the case ofthe Tyne. These figures demonstrate that the sediment metal concentrations at the
Tyne have not exceeded the 'no-change' action level. Of course. this approach is equally applicable to skewed data
such as that from Liverpool Bay although it may be necessary to log-transform the data.
1.3 Calculation of 'no-chan~e'standards
The foIlowing advice is provided to assist with the development of a 'no-change' standard using a control chart survey
design:
I) The data should be as homogeneous as possible, Le., it should have been derived from a consistent approach to
sampling, preparation and analysis.
2) As the basic hypothesis is that conditions (Le.• metal concentrations) within the sampling unit are stable, the actual
sampling format is immaterial. The important point is that the sampling strategy shall not have changed during the
period ofthe study.
3) The points to be plotted on the control chart. and used for the establishing ofthe chart, should be the mean values of
the metal concentrations for each ofthe surveys selected.
4) When establishing the chart. the data should be examined for any temporal trend, for example by regression
analysis. Ifa clear trend is found, then the control chart approach is not appropriate, as the fundamental assumption
is that conditions are stable. A different approach would be necessary ifa temporal trend was present.
5) The control chart may apply to the whole sampling area (e.g., St. Abbs or Bell Rock), or to only part ofit (e.g., the
central area ofthe disposal site. or an annulus at some distance from the centre).
6) The control chart may be set up using actual concentrations, or may be set up using transformed (e.g., log
transformed) data, ifthat increases the approximation ofthe data to normality. It would be possible to set up control
chart limits on non-normal data, assuming a degree of skewness, but these would have presentational difficulties
(apparent and obvious, greater tolerance of increases in concentration than ofdecreases).
7) lethe control chart is set up on only a limited amount of data, it would be advantageous to include each new set in
the set used to establish the chart, provided there was no indication oftemporal trend.
8) The control limits could be set up using standard deviations (in the usual way) or using t-distributions. The latter
method takes into account the uncertainty in the estimate ofthe variance ofthe distribution ofthe annual means, and
results in wider limits. For example, the t-distribution, equivalent to a 2-sigma waming limit, based on five data
points, would be approximately 2.8 sigma. A precautionary approach would suggest using the standard deviation
only, but bearing in mind the inherent uncertainties in the positions ofthe waming and action limits.
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Figure A8.l Distribution of faecal bacteria in the sediments around the Tyne sewage sludge disposal site, May 1988: E.
eoli.
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Figure A8.2a Distribution oforganie carbon in the sediments around the Tyne sewage sludge disposal site, May 1988.
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FigureA8.2b Distribution ofmetals in the sediments around the Tyne sewage sludge disposal site, May 1988: Chromium.
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ANNEX 9
SOME DATA ON OFFSIIORE TEMPORAL TRENDS IN TIIE ßALTIC SEA
Per Jonsson, Swedish Environmental Protection Agency,
S-106 48 Stockholm, Sweden
Expansion of laminated sediments duritlg rccent decades
When oxygen eonditions elose to the bottom are high enough so that benthic animals can live there and mix the
sediment, it can be characterized as a homogeneous elay without any visible structures. lIowever, if the oxygen
concentrations are low prohibiting benthic fauna from Iiving there, the sediments normally are laminated. The
lamination is created by differences in the settling material during different seasons. Since there is no benthic fauna at
the bottom the differences in sedimentation will remain and lamina are created almost Iike an annual ring in a tree. The
characteristics ofthe lamination in the Northem Baltic Proper are summarized in Table A9.1. From studies of cores, it
has been coneluded that laminated sediments have been deposited naturally for ages in deep parts ofthe Baltic Proper.
Characteristies of reeently oeeurring laminated sediments in the offshore areas of the Northwestem
Baltic Proper (from Jonsson et al., 1990).
•
Table A9.l
Thickness ofthe laminated
layer (ern)
Number of lamina
Lamina thickness l
Mean
4.5
19
2.5
S.O
2.2
9
0.8
Range
0.5-9
3-40
1.5-4.2
No ofcores
21
21
21
•
laverage for the upper 5 em ofthe laminated layer (mm)
Ouring the late 1940s and early 1950s, reports were published that the benthic fauna were suffering from oxygen
deficiency. This is also reeorded in the sediments. From eounting the number of lamina in eores from the Baltic Proper
it has been possible to estimate the expansion ofthe laminated sediments during reeent deeades (Figure A9.l). Also in
an intensive study offshore area in the NW Baltic Proper (50 km2; Jonsson et al., manuseript) and in archipelagos
(Persson and Jonsson, 1996), similar expansion trends have been found for laminated sediments (Figure A9.l).
In the offshore Baltic Proper, the expansion started in the 1940s. 1I0wever, the really large eliminations oceurred during
the 1960s and 1970s. Ouring that period, as an average, a bottom area of approximately 2000 km2 was extinguished
every year. Approximately one third of the bottom area in the Baltic Proper suffers from more or less permanent
oxygen deficieney and on the main part of these bottoms, deeper than 75 m, laminated sediments are deposited
(Jonsson, 1992).
In the intensive study offshore area, a elear decrease in the laminated area is obvious from the late 1980s and onwards.
This has been interpreted as a reeolonization by opportunistic benthic fauna ofparts ofthe former laminated sediments
due to improved oxygen conditions caused by large inflows of saline water through the Oanish Sounds in 1993-1994.
The registered time differenee is suggested to be caused by bioturbation down to 1-2 em, eorresponding to a time
period ofsome five years.
Inercased carbon sequestering
A comparison between sediment data from around 1930 to the late 1980s indicates an almost two-fold inerease in
organic matter deposition in the northem Baltic Proper during reeent decades. From calculations based on annual
sequestering of carbon in laminated sediments from the Baltic Proper, carbon originating from primary produetion and
extemal sources has been estimated to have increased 5 to lO-fold sinee the turn ofthe century, and now averages 9 g C
m·
2yr.1 for the period ofearly 1980 to the late 1980s (Jonsson and Carman, 1994).
This organic matter consumes oxygen when its degraded. The substantially inereased supply of carbon to the deep
water is presently considered to be the main reason for the bad oxygen conditions in the deep water of the Baltic
Proper.
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Halogenated compounds in offshore sediment cores
Between the early 1950s and the mid-1980s, the industrial world increased the use of chlorine chemieals ten-fold. A
number ofthese compounds have been found to accumulate in biota and sediments. 1I0wever, despite this, we still lack
investigations on many new chemicals. With a few exceptions, we only have information on the traditional ones, e.g.,
PCBs, DDTs and PCDD/Fs.
Since there are several factors that may influence the record in sediment core profiles (e.g., degradation, lipid pool
changes, water solubility, changed redox conditions), conclusions from retrospective sediment studies of halogenated
compounds must be drawn with great care.
Sediment profiles of different types of chlorinated compounds show in general quite similar concentration profiles in
sediment cores, characterized by substantially increased concentrations from the 1950s and onwards; in some of the
cores (especially NW Baltic Proper) thereafter somewhat decreasing after the 1970s and 1980s, in most ofthem further
increasing (e.g., Perttilä and lIaahti, 1986; Jonsson, 1992; deWit el a/., 1990; Nylund el a/., 1992; Axelman el a/.,
1995; Witt, 1995; Kjeller and Rappe, 1995). In the Baltic Proper, rapidly increased concentrations coincide with the
change from bioturbated to laminated sediments. This turnover seems to have led to substantially increased
concentrations ofseveral different contarninants and may therefore not reflect the anthropogenic load to the Baltie.
Most interesting, however, is the increasing concentrations of PCBs during recent decades. This is exemplified by a
profile from the Eastern Gotland Deep (see Figure A9.2), sampled during the Baltic Sea Sediment Baseline Study 1993. •
By means of 137Cs, 8 cm has been suggested to represent 1986, indicating a deposition rate of more than 1 cm
uncompacted sediment per year in this area. PAlis (sum of 18 eompounds) describe a distribution profile similar to that
of Cd, showing a submaximum around 1980, thereafter deereasing substantially. PCBs (sum of 7 congeners), however,
show a quite different distribution with gradually increasing concentrations during recent decades, indicating an
increased load of PCBs to the Baltic Proper. This is contradietory to the decreasing PCB concentrations in biota, whieh
are indieating a decreasing PCB load.
The PCDD/Fs concentrations were found to be 10-30 times higher in surficial (0-1 cm) than in deep (20-35 cm)
sediments (Jonsson el a/., 1993; Kjeller and Rappe, 1995). The isomerie patterns differed significantly between the
surficial and the deep sediments whieh excluded contamination of the 100-400 year-old deep layers, indicating a
natural produetion of PCDD/Fs. Also for the PCDD/Fs rapid eoncentration increases were found when the sediments
ehanged from bioturbated to laminated.
l'
r
In a sediment core from the Bornholm Deep (Nylund cl a/., 1992), polybrominated diphenyl ethers (PBDE) show a
more rapid increase towards the sediment surface than for sPCB and sDDT (Figure A9.3). This may be an indieation of
arecent substantially increased use of PBDE as flame retardants, but mayaIso be an indication of different degradation
rates andJor water solubility. 1I0wever, this may serve as an example that sediment studies are valuable tools to identify
future problems related to halogenated compounds.
Conclusions
Substantial temporal changes in the area of laminated sediments have been registered in offshore areas and archipelagos
in the Baltic Proper. Temporal trends in areas of laminated sediments may serve as a good monitoring parameter since
it integrates the eutrophieation situation. Sequestering of carbon, deriving from primary production and external
sources, has increased 5-10-fold in the Baltic Proper since the turn ofthe century.
The turnover from bioturbated to laminated sediments seems to have led to substantially increased concentrations of
several different contaminants and may therefore not reflect changes in the anthropogenie load to the Baltic.
PCB concentrations increased gradually in laminated sediments in the Baltic Proper during recent decades, indicating
an increased load of PCBs; PCB concentrations have decreased substantially in biota since the 1970s, indicating a
decreasing PCll load.
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ANNEX 10
DEGRADAßlLlTY OF EXTRACTAßLE ORGANIC CIILORINE (EOCI)
Per Jonsson, Swedish Environmental Protection Agency, S-I 0648 Stockholm, Sweden
Ake Granmo, Göteborg University, Kristineberg Marine Research Station, S-450 34 Fiskebäckskil, Sweden
EOCI- a pulp mill tracer
EOCI (extractable organic chlorine) is a sum parameter that has proven useful when it comes to trace large-scale
distribution of discharges of chlorinated compounds from pulp mill bleacheries. In EOCI most of the well-known
substances Iike DDTs, PCBs, toxaphenes, chlorophenols and dioxins are inc1uded. Only a minor part «10%) of the
EOCI in sediments, however, has been identified (Södergren, 1993). EOCI is important from an ecotoxicological point
ofview, since it includes the potentially bioaccumulated substances.
By analysing EOCI in surficial sediments in the Baltic Sea, the large-scale distribution of chlorinated compounds from
pulp mills becomes obvious (Figure A10.1) with very high EOCI concentrations close to the mills (Jonsson, 1992).
Besides the distribution pattern of EOCI, analyses of specific substances have clearly identified bleachery efnuents as
large sources of chlorinated compounds to the Baltic Sea. Gradient studies off the Iggesund mill in the Bothnian Sea
(Jonsson et al., 1993) strongly indicate that the mill is the source of a number of PCDDIF congeners (2,3,7,8-TCDD,
2,3,7,8-TCDF, 1,2,7,8-TCDF, 1,2,3,7.8-PnCDD), alkyl-CDFs, 3,4,5-TCG and TeCG. The appearance in the central
parts of the Baltic of 3,4,5-TCG, which so far only has been related to pulp mills (Grimvall et al., 1991), also indicates
the large-scale influence of pulp mills. High correlations have been obtained between EOCI and these substances,
supporting the conclusion that EOCI is a useful parameter for tracing pulp mill discharges in surficial sediments.
Furthermore, the only known source of alkyl-CDFs is pulp mill discharges. Thus, the identification of alkyl-CDFs not
only in the Iggesund gradient, but also in the central parts ofthe Bothnian Sea and the northern, Baltic Proper (Kjeller
and Rappe, 1995) support the conclusion on a large-scale distribution of'pulp mill' compounds in the Baltic.
Degradability
EOCI mass balance
To check the large-scale influence of pulp mill discharges, a mass balance study was carried out on EOCI, based on
direct measurements and historical emission data from the pulp mills (see Figure AIO.2) (Wulff et al., 1993).
Measurements were carried out during 1988 and 1989 in river runoff, precipitation, sea water and sediments to estimate
the input/output and to calculate the stores in water and sediments.
The discharges from pulp mills clearly dominated the input (75%), while the input via rivers is negligible (<2%). The
atmospheric input has been calculated to be 23% ofthe total (Figure AIO.2). More than 50% ofthe input since the early
1940s is still stored in the Baltic system, although a substantial part must have left the Baltic through the Danish Straits.
The main part (80%) ofthe store is found in the sediments and the rest in the water mass.
Since the main input goes into the Bothnian Sea, where the coastal sediments show remarkably high concentrations (cf.
Figure AIO.l), one might expect to find most ofthe EOCl stored in the coastal sediments. However, estimates yield
that, despite the high concentrations close to the mills, these coastal sediments contain only some 10% of the total
sediment store. About 90% is dispersed from the discharges into the open sea areas, and the main part (ca. 60%) ofthe
sediment store is found in the sediments of the Baltic Proper, indicating a large-scale transport of EOCI. Independent
checks of the annual input of EOCI to the sediments from the large material of EOCI in surficial sediments are in
agreement with these results.
One important conclusion to be drawn from the mass balance study is that a major part of the total input of EOCI since
the 1940s is still stored in the Baltic sediments, indicating a substantial persistence and resistance to degradation.
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De&radatjon experiment
A two-year incubation study of pulp mill contaminated sediments (Granmo et al., 1991) in various environments
(Figure AI 0.3; aerobic, anaerobic, sediment suspension, flow-through and c10sed systems, different temperatures)
indicated a degradation half-time of EOCI in decades rather than months/years, supporting the results of the mass
balance study. Only under flow-through conditions could a significant decrease be detected. However, rather than being
considered as an indication of degradation, this loss was interpreted as a removal via the through-flowing water.
Persistence to sulphuric acid
A substantial part (mean 10-15%) ofEOCI is persistent to treatment with concentrated sulphuric acid (e.g., Östfeldt et
al., 1994; Gustavson and Jonsson, manuscript), which is another criteria for environmental hazards. In a sediment data
set from the Baltic Sea, the Kattegat and the Skagerrak, collected within a joint Nordic project, EOCI is correlated to
EPOCI (r=0.80). The concentration ofEOCI is in the range 0.1-6.2 mglg dw, and as a mean, 11.4% is in the sulphuric
acid resistant [raction EPOCI. Häkanson et al. (1988) investigated EOCI concentrations in relation to EPOCI in coastal
areas of the Bothnian Sea. Although the range in concentrations is quite different (11-900 mglg dm), the same
proportion of EOCI is persistent (11.9%). Ifthese two sets of data are combined on a logarithmic scale, a strong linear
relationship appears (Figure AI0A). Because ofthe degradation process, one should expect to find a higher proportion
ofthe persistent fraction far away from discharge sources. Following Jonsson et al. (1993) and Wulff et al. (1993), who
considered the Bothnian Sea to be the area most polluted from pulp mills, we expected to find a relatively lower
proportion of the EPOCI in this area, and an increasing proportion approaching the Atlantic Ocean. Surprisingly,
however, the relation was quite constant at all the stations, with the EOCI concentration interval ranging from 0.1-900 •
mglg dm. The same ratio (ca. 12%) was also found in musseIs from the Baltic. One possible explanation might be that
not only EPOCI, but also EOCI is quite persistent in the aquatic environment.
Conclusions
The results from an EOCI mass balance study suggest that a major part ofthe total input of EOCI since the 1940s is still
stored in the Baltic sediments, indicating a substantial persistence and resistance to degradation for EOCI.
A two-year incubation study ofpulp mill contaminated sediments indicated a degradation half-time ofEOCI in decades
rather than months/years.
A substantial part (10-15%) ofEOCI is resistant to treatment with concentrated sulphuric acid.
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EOC~ in surficia~ sediments
•
Figure AI 0.1 Levels of extractable organic chlorine (EOC 1) in sediment of the Baltic Sea during 1986-1990 (From
Jonsson, 1992).
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ANNEX 11
SAMPLING VARIAßlLITY
Foppe Smedes, National Institute of CoastaI and Marine Management (RIKZ), The Netherlands
Differences between analytical results for multiple sampIes can be a result of:
(1) contamination during sampIe processing, from containers, sieving or freeze drying
Handling after sampling can give rise to contamination as the transfer of a sediment sampIe from a relatively clean
offshore area to a more inland area for analysis, where the pollution level is usually higher, will automatically mean that
it will tend to take up contaminants from the air. This can occur during storage, sieving or freeze drying.
(2) anal)1ical variability in the contaminant or normalizer concentrations .
,
~
Anal)1ical variation is inevitably included in sampling variability and will set a lower limit to the attainable sampling
variability.
(3) physical inhomogeneity ofthe sampling area
•Variation arises as a result of inhomogeneous grain size distribution. This can be corrected for by normalization
techniques, although it must be recognized that the result is then subject to additional analytical error. SampIes are
never homogeneous at every scale. If the sampIe intake to the anal)1ical procedure is low, there is a larger chance of
deviating results between subsampIes. Further, by sieving, a sampIe is obtained which is very inhomogeneous due to
the sieving process, but even more so following the centrifugation step. Incomplete homogenization contributes to the
sampling variability.
(4) chemical inhomogeneity ofthe sampling area
When the sampling area is not homogeneously polluted, the difference between sampIes will apparently be very high,
but in fact the spatial variation is being measured. In such cases it is not realistic to add this patchiness to the sampling
variability.
(5) variation in the depth of sampling
In low energy environments where steady sedimentation produces layers with different pollution levels, a variation in
the sampling depth will also contribute to the sampling variation. A grab sampIer does not normally allow adequate
control of sampling depth. •
(6) other factors.
In the following discussion, items 4 and 5 are, by definition, not included in the sampling variability as they are
considered to be the targets ofmeasurement. Ifpatchiness (4) is present, an adequate sampling strategy has to be chosen
to achieve the desired result.
Data and methods
The data used for studying sampling variation are from the sediment monitoring programme ofthe Netherlands for the
years 1990 and 1993. The areas involved are the Ems-Dollard, Wadden Sea, North Sea (nearshore and offshore) and
Western Scheldt. At each location, six sampIes were taken at a distance from each other equal to or larger than the year-
to-year precision ofthe position. In fact, the sampIes were taken in an area of approximately 1OOx 100 m. On tidal 11ats,
sampIes were collected manually. From ships, a boxcorer was used. Randomly, pairs of sampIes were pooled to give
thtee sampIes fot further processing. In addition, 15 sampIes were taken on the Oyster Grounds for studying the
sampling variability, while at two locations van Veen grab sampIes were also taken c10se to the boxcote sampIes.
All sampIes were sieved at 63 ~m with water from the location or with water of the appropriate salinity prepared from
offshore sea water by mixing with milli-Q. After sieving, the sampIes were freeze-dried and homogenized using a ball
62 /996 WGMS Report
•mill. Heavy metal analyses were done by GFAAS, FAAS or ICP-AES after digestion with concentrated nitric acid in a
Teflon bomb at 140°C for 16 hours. Elemental organic carbon was analysed with a Carlo Erba elemental analyser after
carbonates had been removed by exposing the sampIe to HCI vapour for 24 hours. The sampIe for CBs was extracted in
a hot Soxhlet for 4 hours with 25% acetone in hexane (after addition of recovery standards). After c1ean-up and
addition of an internal standard, CBs were injected on a GC-ECD equipped with two columns. A four-Ievel point-to-
point calibration was used for quantiftcation. PAlis were extracted in the same way and, after transfer to acetonitrile,
measured using IIPLC with fluorescence detection. Approximately 15 sampIes (5 locations) were analysed by an
externallaboratory for PAlis and CBs.
Transformation of thc data
Since three sampIes are not sufficient for calculating a standard deviation, results of different locations must be
combined. This was performed by dividing each single result of :i triplicate by the mean value of the three results. The
new series of data, on average, equal unity. The influence of between-Iocation differences in absolute concentrations is
removed and only the sampling variation together with patchiness is left. Although no absolute value of thc standard
deviation is obtained, the data allow thc calculation of a coefftcient of variation. A disadvantage of dividing by the
mean is that when one of the three results is an outlier this is also reflected in the two other results. This has been
overcome by using the median instead. The data ofthe set of 15 subsampIes was treated in thc same way, but the mean
or median ofall 15 sampIes was used.
Estimating thc sampling variability
ApproachA
The influence ofspatial differences (4 and 5) cannot be included in sampling variation because that is usually one ofthe
reasons the sampIes were eollected. Spatial differences can only be detected when they are larger than the possible
sampling error. This is principally the chieken versus egg question. Sampling variation can only be determined properly
in a homogeneous area, but such an area can only be found when the sampling variation is known. This means that
quantifying sampling variation will be a Iittle subjective.
Bearing the above in mind, and considering that in addition to the variation caused by spatial differences in 170
sampIes same anal)'1ical outliers will occur as weil, it seems acceptable to use statistics that exclude outliers. One way is
to assurne a Gaussian distribution, and then subtract the 0.16 percentilc from the 0.84 percentile. These percentiles
represent the border of plus and minus one standard deviation. Dividing the difference between these percentiles by 2
gives the relative standard deviation for the combined dataset, not influenced by outliers.
ApproachB
Many different areas are multiplely sampled and, excluding sampIes because of apparent patchiness, a selection of
those areas with low variability can be combined to obtain a statistically signiftcant number of data points. Although
this is a very subjective approach, it must be recognized that the sampling variation obtained will always be a worst
ease estimate. No matter how many areas are rejected, the residue will never result in a number lower than the actual
variation caused by the sampling process, provided the number of data is sufficient. (This has not yet been applied to
the sampIes.)
Results and discussion
In Table A11.1, the results of approach A using the median to transform the data are presented in four groups. Listed
are the number ofsamples, the 0.16 and 0.84 percentiles ofthe raw data (to give an impression ofthe measured ranges),
the overall relative standard deviation and the st.dev. (peak width) calculated from the percentiles of the median
normalized data.
In the 'Field-var' column the standard deviations of only the 15 sampIes from the Oyster Grounds are Iisted. Next to
that, the results ofthe separate sampling years are given.
The pure standard deviation is quite large for same CBs, Le., CB180. However from a distribution plot (Figure AlU),
it can be noted that this is due to only a few sampIes. The values calculated from the percentiles, however, show quite
acceptable values whieh closely approach the analytieal variability. The highest variation is found for compounds
which generally are more difficult to measure, Le., some Cßs are interfered with by coeluting compounds and
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dibenz(ah)anthracene. In addition, a considerable number of sampIes have concentrations which are close to the
detection limit, which will lead to extra analytical variability.
Table A11.2 has the same structure as Table All. I, except that the data are first norrnalized to organic carbon. In
general, no improvement was obtained. This might be due to the effect that outliers are not accompanied by a higher
organic carbon content, and secondly that the range of organic carbon in the subsampIes is already reduced because of
the sieving. However, on inspection of the original data, several individual 10cations show the expected covariation,
especially for CBs and PAHs.
Approach B has not been applied yet, but a more careful study ofthe data will allow the identification ofpatchy areas.
A recalculation of the standard deviation after rejection of data from the patchy areas will lead to a result which is a
better representation of sampling variation. In addition, data which are less than a factor of 10 above the detection limit
should be excluded to reduce the influence ofanalytical variation on the sampling variability.
Conclusion
Using the procedure described, the sampling variation varies from 5-10% for metals, and 10-15% for CBs and PAHs
for the whole area considered. These values are an upper limit, as they are not corrected for the analytical variability.
Further, some patchiness is always present, but may be considered absent when it is lower then the sampling variation.
Although norrnalization on organic carbon does not give a decrease in the overall variance considering the whole set, it
does decrease the variance for many individual locations.
,
:!
•
•
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Table AlU Field variance ofsieved sampies.
All data combined
LOI %
C %
AI gfkg
As mgfkg
Cd mgfkg
Cr mgfkg
Cu mgfkg
Hg mgfkg
Ni mgfkg
Pb mgfkg
Zn mgfkg
PCB10l ~gfkg
PCB105 ~gfkg
PCBl18 ~gfkg
PCB138 ~gfkg
PCB153 ~gfkg
PCB170 ~gfkg
PCB18 ~gfkg
PCB180 ~gfkg
PCB187 ~gfkg
PCB28 ~gfkg
PCB31 ~g/kg
PCB44 ~gfkg
PCB52 ~gfkg
Ant ~gfkg
BaA ~gfkg
BaP ~gfkg
BbF ~gfkg
BeP ~gfkg
BghiPe ~gfkg
BkF ~gfkg
Chr ~gfkg
dBahA ~gfkg
Fen ~gfkg
Flu ~g/kg
InP ~gfkg
Pyr ~gfkg
SI. dev SI. dev"
16% 84% all data peak with
n-total Percenlile Percenlile % %
171 10 17 9 4
171 2 3 12 6
114 30 50 8 4
171 11 22 13 8
102 0.43 1.07 24 9
171 58 84 9 5
171 15 24 12 6
171 0.09 0.46 17 7
171 19 32 9 5
171 36 70 15 7
171 100 189 12 7
171 0.6 2.1 25 10
171 0.3 1.0 45 10
171 0.5 2.1 22 8
171 0.6 3.0 26 11
170 0.7 4.1 31 9
171 0.2 1.1 59 13
132 0.4 1.5 32 18
171 0.2 1.6 93 12
171 0.3 1.4 57 10
171 0.7 2.5 32 12
138 0.5 1.7 42 15
171 0.3 0.8 41 11
171 0.4 1.2 35 10
171 7 28 21 11
171 23 71 19 8
171 27 77 17 9
170 48 140 18 10
141 31 88 15 6
170 36 100 18 9
170 24 65 17 10
170 29 85 21 10
141 5 17 21 11
170 49 120 18 8
171 58 190 19 7
154 48 130 18 10
170 44 129 25 9
Field-var exp
Sl.dev
15 sampies
%
4
5
5
6
4
6
6
4
7
4
22
7
7
8
8
15
26
13
8
14
19
11
11
6
5
7
10
4
10
13
16
28
7
4
4
Results of 1990 sampling
SI. dev SI. dev"
all data peak with
n % %
57 7 4
57 13 4
0 nd nd
57 15 8
57 21 10
57 11 6
57 12 8
57 19 8
57 10 5
57 18 6
57 14 7
57 27 10
57 72 12
57 25 8
57 33 10
56 46 8
57 97 12
48 28 14
57 160 13
57 96 11
57 30 13
54 50 14
57 58 11
57 47 10
57 20 11
57 20 9
57 17 9
57 17 9
57 17 9
57 15 8
57 16 9
57 18 8
57 17 10
57 15 11
57 16 7
57 16 9
57 17 10
Results of 1993 sampling
SI. dev SI. dev'"
all data peak with
n % %
114 10 5
114 11 7
114 8 4
114 13 8
45 27 7
114 7 4
114 12 6
114 15 6
114 8 5
114 13 7
114 10 6
114 23 10
114 21 9
114 20 8
114 21 12
114 20 9
114 22 16
84 34 19
114 18 10
114 18 10
114 34 13
84 37 16
114 29 12
114 26 10
114 22 11
114 19 8
114 18 9
113 19 10
84 14 6
113 20 11
113 17 10
113 22 10
84 23 13
113 20 7
114 21 8
97 19 10
113 28 8
& this is the difference between the 0.84 and the 0.16 percentile of the median normalized data devided by 2. wich equals the standard deviation of a normal distribution.
In that way outliers caused by patchiness can be excluded
Table A11.2 Field variance of sieved sampIes after expressing the data on organic carbon.
&this is the difference between the 0.84 and the 0.16 percentile of the median normalized data devided by 2. wich equals the standard deviation of a normal distribution.
In that way outliers caused by patchiness can be excluded
•
rf1993Resu ts 0 SamPllnq
Sl.dev SI. dev&
all data peak with
n % %
114 7 4
114 n.a. n.a.
114 8 6
114 11 7
45 25 8
114 8 6
114 7 5
114 14 6
114 7 5
114 8 7
114 6 7
114 22 11
114 20 8
114 19 9
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Figure AlU Distribution plots of CB 180 on two different Y-scales. In the left graph it is c1ear that the majority of
the data range between 0.9 and 1.1. In the right graph the few outliers are visible.
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ANNEX 12
ANALYTICAL VARIANCE OF THE DETERMINATION OF TRACE METALS IN MARINE SEDIMENTS
The following infonnation was extracted from the report ofthe 4th QUASIMEME round of intercomparison exercises.
It provides summary statistics for the detenninations of a range of trace metals in two sediment sampIes. Two sampIes
of sediment were analysed for a range of compounds. Generally about 30-40 laboratories reported results. The CV%
values given below are robust interlaboratory coefficients ofvariation.
Units Assigned Betweenlab Assigned values Between lab
values CV% CV%
Aluminium % 6.9 19.8 3.5 17.2
Arsenie mglkg 16.1 23.7 15.1 20.1
Cadmium Ilglkg 1942.0 19.9 1425.0 16.2
Chromium mglkg 352.0 17.2 81.8 28.3
Copper mglkg 187.0 14.2 24.0 13.6
Lead mglkg 242.3 17.4 50.5 9.8
Mereury JIglkg 692.5 12.8 382.0 14.9
Nickel mglkg 55.4 15.3 20.8 20.1
Zine mglkg 669.0 8.7 170.0 8.8
,
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Variance of sediment analyses
This data summarizes the analyses ofgroups of9 sampIes around a 500 m square at each of7 locations, as determined
by the Marine Laboratory, Aberdeen. The table also includes CV% values ofthe metal-to-aluminium ratios.
C% AI% Cu Zn Pb Cd Hg Cr Ni As
Ilg/g Ilg/g Ilg/g 11g/g Ilg/g Ilg/g Ilg/g Ilg/g
Hebrides
mean 0.43 3.46 7.25 45.05 23.59 0.02 0.05 57.51 6.32 4.26
std dev 0.09 0.38 1.16 7.58 2.57 0.01 0.02 8.90 2.97 0.43
CV 21.29 11.07 15.96 16.83 10.89 40.22 41.49 15.47 47.08 10.12
CVofM/Al 17.48 19.52 14.05 44.72 31.01 17.07 42.72 16.16
Solway
mean 0.46 2.72 7.11 63.01 28.50 0.05 0.06 46.35 5.70 7.51
std dev 0.10 0.59 0.75 4.66 1.91 0.00 0.01 9.11 3.98 0.80
CV 22.10 21.78 10.59 7.40 6.71 8.03 18.76 19.66 69.72 10.70
CVofM/Al 24.85 23.71 22.99 23.85 30.01 27.01 71.72 22.89
Clyde
e mean 1.07 5.83 17.53 126.12 49.29 0.13 0.10 94.34 23.78 9.54
std dev 0.05 0.86 0.52 3.96 2.14 0.02 0.01 7.01 2.01 1.34
CV 4.69 14.76 2.97 3.14 4.35 19.40 10.21 7.43 8.45 14.05
CVofM/Al 14.32 14.80 13.47 21.16 19.74 17.47 15.99 24.19
Moray Firth
mean 1.92 4.64 9.90 69.96 34.20 0.09 0.08 52.60 9.48 4.56
std dev 0.19 0.95 2.30 10.63 5.46 0.02 0.02 11.37 3.61 0.75
CV 9.88 20.37 23.27 15.19 15.96 20.29 25.33 21.62 38.11 16.42
CVofM/Al 16.86 18.09 19.14 33.22 17.65 20.49 21.33 13.51
Moray Firth
mean 0.27 3.13 3.35 18.14 19.68 0.06 0.05 18.08 0.00 1.48
std dev 0.06 0.42 0.54 2.64 2.42 0.01 0.01 6.70 0.00 0.63
CV 23.82 13.43 16.05 14.57 12.31 18.01 25.59 37.09 42.46
CVofM/Al 16.59 13.64 12.70 15.45 32.12 35.38 46.67
Forth (offshore)
mean 0.41 3.26 2.47 16.22 19.70 0.01 0.07 16.02 0.00 8.31
e std dev 0.06 0.28 0.34 1.06 1.11 0.00 0.02 5.29 0.00 2.93CV 14.67 8.50 13.63 6.54 5.61 69.30 26.81 33.02 35.31
CVofM/AI 13.52 9.39 8.91 68.47 26.86 36.95 36.81
Tay (offshore)
mean 0.28 4.79 4.54 38.30 24.30 0.26 0.05 45.27 0.00 6.87
std dev 0.06 0.59 0.27 2.81 1.64 0.05 0.01 4.18 0.00 0.74
CV 21.16 12.24 5.95 7.34 6.75 18.02 17.69 9.22 10.82
CVofM/AI 13.59 16.60 15.07 25.01 25.14 19.19 21.45
1996 WGMS Report 69
ANNEX 13
RECOMMENDATIONS
To Council
The WGMS recommends that:
I) A meeting ofWGMS should be held for 4 days in March 1997 concurrent with WGBEC at ICES Headquarters in
Copenhagen, Denmark, to:
a) prepare a technical annex on PAH analysis in sediments for the sediment guidelines (in collaboration with
MCWG);
b) review and report on results of recent surveys on nutrient cycling between sediment and water, in particular
with respect to the denitrification potential and secondary pollution potential for phosphate;
c) review available data which may help in establishing normalizers for organic contaminants;
d) report on the statistical assessment of data on time series monitoring in sediments (in collaboration with
WGSAEM);
e) review and report on biogeochemical processes which might change speciation and mobility oftrace metals
in sediments;
f) review methods for investigating the processes ofparticle-water interaction oforganic contaminants;
g) review available data on the fate offish farm medicines in sediments;
h) review new data on toxicological effects of PAHs in sediments, in particular with regard to changes in
benthic community structure;
i) meet with WGBEC to develop areas ofmutual interest that might be pursued by JMSBEC;
ToACME
The WGMS recommends that:
•
I) ACME adopt Annex 7 on CB analysis in sediments to be included as a technical annex to the ICES/JMP sediment e
guidelines.
To the ICES Secretariat
The WGMS recommends that:
I) ICES should ask the Danish delegate to invite for the next meeting ofthe Working Group an expert to present the
most recent results of research in nutrient cycling between sediments and water, e.g., Dr Lomstein from Aarhus
University;
2) the Environment Department dran areport on the statistical assessment of data on time series monitoring in
sediments.
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